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EXECUTIVE  SUMMARY 

The  technical  feasibility  of  using  portable  lubricant  analyzers  to  monitor  AGE  asset  crankcase 
lubricant  conditions  for  a  twelve  month  period  has  been  investigated.  Within  the  limitations  of  the 
study,  conclusions  can  be  made  from  the  cumulative  knowledge  of  analyzing  crankcase  lubricants 
of  diesel  engine  powered  AGE  assets  at  two  U.S.  Air  Eorce  locations.  Assets  monitored  were  not 
impacted  by  eliminating  the  6-month  oil  change  interval  based  on  the  measured  lubricant 
condition.  Eightly  utilized  assets  may  possibly  extend  drain  intervals  past  12-months  with  lubricant 
condition  monitoring.  Over  the  course  of  the  study  portable  analyzers  appeared  sufficiently 
accurate  for  monitoring  lubricant  viscosity  and  TBN  for  degradation  when  compared  to  ASTM 
laboratory  test  results.  Potential  cost  savings  exist,  stemming  from  condition  based  monitoring  of 
lubricants  versus  hard  time  mandatory  oil  changes. 

Based  on  the  data  accumulated,  recommendations  can  be  made  to  track  engine  hours  routinely  so 
that  lightly  utilized  AGE  assets  can  have  their  oil  change  intervals  extended  past  6-months.  Any 
asset  utilized  less  than  100-hours  in  6-months  can  likely  be  extended  to  a  twelve  month  interval. 
Initiation  of  condition  based  monitoring  of  crankcase  lubricants  for  selected  highly  used  assets 
would  be  beneficial  to  insure  adequate  engine  protection  from  the  lubricant  past  the  6-month  oil 
change  interval. 
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1.0  BACKGROUND  &  INTRODUCTION 


1.1  Background 

Diesel  engine  powered  Aireraft  Ground  Equipment  (AGE)  undergo  mandatory  6-month  lubricant 
change  intervals,  regardless  of  the  equipment  utilization  during  that  6-month  period.  As  such,  low 
utilization  items  could  possibly  operate  with  the  lubricant  change  interval  extended.  Eikewise  high 
utilization  equipment  may  need  earlier  changes,  or  remain  at  the  6-month  interval. 

In  parallel  with  the  oil  change  interval  study  an  engineering  evaluation  of  a  handheld  oil  condition 
analyzer  will  be  conducted.  This  is  not  qualification  testing  of  this  instrument  to  a  defined 
requirement.  At  this  time  there  is  no  requirement  for  an  infield  oil  condition  analyzer. 

1.2  Purpose 

The  purpose  of  this  test  was  to  evaluate  used  lubricant  samples  from  selected  pieces  of  AGE  and 
characterize  the  lubricant  deterioration.  Anticipated  findings  were  that  some  equipment  would  be 
identified  as  low  utilization  and  could  be  permitted  an  extended  oil  change  interval  while  other 
high  utilization  AGE  may  require  more  frequent  oil  changes,  or  at  least  remain  at  the  current  six 
month  interval.  Substantial  savings  in  man  hours  and  petroleum  based  lubricants  may  result,  as 
well  as  useful  life  extension  of  the  heavy  use  AGE  identified  by  this  survey. 

The  results  from  the  handheld  oil  analyzer  were  compared  to  the  results  from  the  standard  ASTM 
tests.  If  the  results  correlated  the  feasibility  of  using  the  handheld  analyzer  for  measuring  lubricant 
condition,  then  condition  based  oil  change  maintenance  could  be  studied  further. 

1.3  Test  Item  Description 

The  test  items  were  selected  “low  utilization”  and  “high  utilization”  pieces  of  AGE  equipment  at 
each  of  two  Air  Eorce  locations  that  represent  atmospheric  extremes  of  temperature  and  humidity. 
Each  selected  location  identified  six  (6)  AGE  pieces  for  lubricant  sampling  and  monitoring  over  a 
12-month  period.  The  results  of  the  test  were  used  to  support  lubricant  change  recommendations 
for  diesel  engine  powered  AGE  equipment 
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2.0  TESTING  METHODOLOGY 


2.1  Test  Locations 

Atmospheric  conditions  can  play  a  role  in  the  lubricant  life  of  diesel  engine  powered  AGE.  Colder 
climates  may  not  allow  the  lubricant  temperature  to  achieve  a  temperature  to  drive  off  water 
condensed  from  the  blowby  of  the  combustion  process.  Humid  climates  introduce  extra  water  into 
a  crankcase  due  to  breathing.  Joint  Base  Elmendorf-Richardson  (JBER),  Anchorage,  Alaska  and 
MacDill  AEB,  Tampa,  Elorida  were  selected  as  the  climate  extremes  for  the  study. 

2.2  Test  Item  Selection 

A  POC  was  established  with  the  AGE  units  at  each  of  the  selected  sites.  Through  review  of  base 
utilization  records,  and  with  agreement  of  the  base  POC,  Contractor,  and  Project  Engineer,  the 
suitable  pieces  of  high  utilization  and  low  utilization  equipment  for  the  lubricant  sampling  study 
were  selected.  Each  base  POC  was  asked  to  supply  information  for  10-20  pieces  of  their  respective 
AGE  to  help  with  the  down  selection  for  the  six  assets  for  inclusion  in  the  study. 

2.3  Test  Reporting 

Utilization  data  of  the  AGE  equipment  was  requested  for  collection  to  support  analysis  of  the  used 
engine  lubricant  conditions.  The  engine  utilization  was  requested  monthly,  or  at  intervals  which 
correlated  with  engine-hour  usage  intervals,  whichever  was  shorter.  A  form  was  requested  to  be 
completed  for  each  asset  enrolled  in  the  study,  to  include  utilization  hours,  any  lubricant  additions, 
any  fuel  usage,  or  any  maintenance. 

2.4  Lubricant  Sampling 

Participating  units  performed  lubricant  sampling  on  the  test  assets  at  the  appropriate  sampling 
intervals  determined  by  the  project  engineer.  Each  selected  asset  was  sampled  at  monthly  intervals 
using  the  sampling  procedures  as  outlined  in  attachment  3.  One  8-ounce  sample  of  fresh  lubricant 
utilized  in  the  AGE  assets  at  each  test  location  was  also  provided.  Sampling  supplies  and  shipping 
containers  were  supplied  to  the  units  by  Southwest  Research  Institute. 
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2.5  Lubricant  Inspections 

The  following  laboratory  tests  on  all  eollected  lubrieant  samples  were  performed  at  Southwest 
Researeh  Institute  pending  reeeipt  of  samples: 


ASTM  D445 
ASTM  D445 
ASTM  D664 
ASTM  D4739 
ASTM  D5185 


Kinematic  Viscosity  at  100°C 
Kinematic  Viscosity  at  40°C 
Total  Acid  Number 
Total  Base  Number 
Elementals 


2.6  Field  Portable  Instrument  Correlation 

A  field  portable  infrared  oil  analyzer  and  a  field  portable  viseometer  were  purchased  by  Southwest 
Research  Institute  and  subsequently  was  utilized  for  generating  lubricant  condition  data  that  can 
be  compared  to  the  laboratory  analysis  data.  The  handheld  instrumentation  measurements  were 
performed  using  a  small  portion  of  the  received  asset  lubricant  samples.  Southwest  Research 
Institute  combined  asset  utilization  records,  asset  lubricant  sample  laboratory  analysis  data,  and 
the  field  portable  instrument  analysis  data  into  a  spreadsheet. 


3.0  OBJECTIVE  &  APPROACH 

To  demonstrate  the  suitability/unsuitability  of  current  AGE  engine  lubricant  change  intervals  with 
assets  selected  as  high  or  low  utilization. 

3.1  Measure  OF  Performance 

3.1.1  Test  Methodology: 

Two  bases  provided  at  least  six  lubricant  samples  that  were  at  least  8-ounces  in  volume,  for  a 
period  of  at  least  12-months  for  at  least  six  AGE  assets.  Each  sample  was  evaluated  in  accordance 
with  the  five  tests  listed  in  3 . 1 .2.  If  an  unusual  sample  appearance  was  noted  or  a  very  low  viscosity 
was  measured,  then  additional  tests  were  performed.  These  were  annotated  on  the  data  sheet. 
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3.1,2  Laboratory  Analysis  of  Sample  Collection 

Samples  collected;  transported  and  received  at  the  laboratory.  After  receipt  of  the  sample  at 
Southwest  Research  Institute,  the  sample  was  logged  into  the  sample  tracking  system  with  a  unique 
identifier  number  assigned  to  each  sample.  Each  asset  lubricant  sample  was  tested  in  accordance 
with  the  following  standardized  laboratory  procedures: 


ASTM  D445 
ASTM  D445 
ASTM  D664 
ASTM  D4739 
ASTM  D5185 


Kinematic  Viscosity  at  100°C 
Kinematic  Viscosity  at  40°C 
Total  Acid  Number 
Total  Base  Number 
Elementals 


3,1.3  Evaluation  Criteria 

Engine  lubricants  were  specified  by  the  engine  manufacturers  based  on  operating  temperatures  and 
the  viscosity  grades  defined  by  the  Society  of  Automotive  Engineers  (SAE)  specification  J300. 
The  viscosity  grades  have  a  minimum  and  maximum  limit  defined  at  100  °C  for  each  lubricant 
viscosity  classification.  In-service  lubricant  viscosity  measurements  can  be  utilized  to  determine 
if  lubricant  has  thickened  above  the  viscosity  grade  upper  limit  due  to  oxidation  and  soot  levels, 
or  below  the  viscosity  grade  lower  limit  due  to  fuel  dilution  or  water  contamination. 


Besides  lubricating  engine  components,  engine  lubricants  act  as  a  buffer  to  absorb  and  neutralize 
engine  combustion  byproducts  that  blow  by  the  piston  into  the  engine  crankcase.  Diesel  engine 
lubricants  are  initially  chemically  basic,  as  measured  by  the  Total  Base  Number  (TBN),  to  have  a 
chemical  reserve  available  for  absorbing  the  acids  generated  during  combustion.  The  acidic  level 
of  an  engine  lubricant  is  determined  by  measuring  the  Total  Acid  Number  (TAN).  As  lubricants 
age  in  an  engine,  the  lubricant  buffers  the  acids  formed  until  a  certain  TBN  level  is  reached,  and 
then  the  TAN  level  will  start  increasing.  Thus  lubricant  TAN  level  and  TBN  level  trends  indicate 
lubricant  service  life. 


Eubricant  elemental  determination  measures  the  minute  concentrations  of  metallic  elements  in  the 
lubricant  in  order  to  determine  engine  condition.  The  metallic  elements  are  classified  in  two 
groups,  engine  wear  metals  and  lubricant  additive  metals.  The  in-service  lubricant  elemental  levels 
can  be  utilized  to  determine  if  the  lubricant  change  intervals  are  adequate,  or  if  a  potential  engine 
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issue  is  occurring.  Most  engine  manufacturers  publish  acceptable  ranges  of  lubricant  wear  metals 
and  the  specific  critical  areas  that  certain  elements  may  indicate  where  unusual  wear  is  occurring. 

3.1.4  Data  Analysis 

A  Southwest  Research  Institute  petroleum  product  analysis  laboratory  provided  results  for  each 
provided  in-service  lubricant  sample.  The  results  for  each  asset  in  the  study  were  recorded  on  a 
data  sheet  and  entered  into  a  spreadsheet. 

•  Based  on  the  results  of  the  testing,  a  recommendation  was  provided  to  change  the  service 
interval  (increase,  decrease)  or  remain  unchanged. 

•  Quantified  the  potential  cost  of  damage  to  high  utilization  equipment  that  has  not 
undergone  the  6-month  oil  change  inspection. 

•  Quantified  the  potential  cost  savings  realized  through  decreased  use  of  filters,  lubricants, 
and  waste  disposal. 

•  Compared  the  two  results  and  provided  recommendations  on  the  most  economical 
approach  to  AGE  maintenance. 

•  Developed  recommendations  regarding  the  inspection  /  maintenance  practices  for  AGE 
equipment. 

3.1.5  Anticipated  Results: 

Successful  testing  and  documentation  of  each  laboratory  sample  provided  a  foundation  for 
adjusting  the  maintenance  interval  for  servicing. 

3,2  Field  Portable  Handheld  Lubricant  Condition  Instruments 
3,2,1  Evaluations 

This  section  was  completed  when  the  laboratory  analysis  results  of  the  in-service  lubricant  samples 
were  compared  to  the  results  measured  with  the  field  portable  handheld  instrumentation.  Ah 
lubricant  analyses,  laboratory  and  field  portable  instrument,  were  performed  by  Southwest 
Research  Institute.  Ah  portable  instrument  lubricant  measurement  data  were  entered  into  a 
spreadsheet  for  analysis. 
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The  portable  instrument  test  results  were  compared  to  the  ASTM  laboratory  standardized  test 
results  for  viscosity  at  40  “C  and  TBN  generated  using  laboratory  ASTM  method  analysis.  The 
portable  instruments  did  not  report  TAN  results  for  engine  oils,  only  for  gear  oils.  The  TAN  results 
were  not  available  from  the  portable  instrument.  The  portable  instruments  did  not  measure  wear 
elements  for  engine  oils. 

3.2.2  Test  Methodology 

Measured  each  collected  lubricant  sample  at  three  independent  times  with  the  portable  instrument. 
Each  measurement  with  the  portable  instrument  required  60-microliters  of  sample.  The  multiple 
measurements  allowed  an  assessment  of  portable  instrument  repeatability.  The  average  of  the 
portable  instrument  results  were  compared  to  the  laboratory  standard  results  for  the  same  lubricant 
property.  Evaluated  the  field  portable  instrument  data  with  respect  to  the  laboratory  standard  test 
data  to  identify  significant  in-service  lubricant  property  trends.  All  measurements  and  data  analysis 
were  performed  at  Southwest  Research  Institute. 

3.2.3  Anticipated  Results 

The  field  portable  instrument  may/may  not  have  provided  sufficient  trending  data,  comparable  to 
the  laboratory  data  for  the  same  samples,  that  the  instrument  may/may  not  be  utilized  for  measuring 
fielded  AGE  lubricant  condition.  If  an  adequate  correlation  between  field  portable  and  laboratory 
results  was  defined,  the  field  portable  instrument  was  utilized  to  recommend  lubricant  changes 
based  solely  on  lubricant  condition  as  measured  by  the  field  portable  instrument. 


4.0  DISCUSSION  AND  RESULTS 

An  agreement  was  obtained  on  the  test  plan  with  the  AGE  maintenance  units  at  the  selected  Air 
Eorce  bases.  A  presentation  outlining  the  goals  of  the  program  was  generated  and  distributed  to 
the  AGE  maintenance  community.  Subsequently,  points  of  contact  were  established  with  MacDill 
and  JBER  Air  Eorce  base  personnel.  Personnel  were  supportive  of  the  program  and  were  provided 
a  detailed  program  statement  of  work  outlining  the  unit  responsibilities. 
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4.1  Test  Sites 

Personnel  from  both  Joint  Base  Elmendorf-Richardson  and  MacDill  AFB  provided  a  selection  of 
AGE  equipment  that  was  felt  should  be  included  in  the  study.  The  lists  were  reviewed  and  the  test 
articles  shown  in  Table  1  were  selected  from  JBER.  All  selected  assets  from  JBER  were  U.S.  Air 
Force  owned,  to  avoid  issues  with  contractor  owned  equipment. 


Table  1.  AGE  Equipment  for  Lubricant  Sampling  at  JBER 


AFB 

ASSET 

Equipment 

Engine 

JBER 

DG62 

B809D 

Cummins  QSB5.9 

JBER 

EU83 

EE- ID 

Kubota  D905-EBG1 

JBER 

MG08 

A/M32A-86 

Detroit  Diesel  4-7  IN 

JBER 

SG82 

SGNSC 

Isuzu  4EE1-A 

JBER 

MT09 

AF/M27M-1 

Hatz  Z790 

JBER 

MLPl 

LP-90 

Kubota  D1105-E28 

JBER 

MLP4* 

AC-20 

N/A 

*MLP4  substituted  for  MEPl  during  FEB  16 

At  JBER,  Anchorage  AK,  the  POC  was  MSgt  Townsend  of  PACAF  3  MXS/MXMG.  MSgt 
Townsend  selected  three  pieces  of  equipment  that  supported  F-22  RAPTOR  operations  and  three 
pieces  of  equipment  that  supported  C17  operations.  MSgt  Townsend  was  trained  in  the  sampling 
procedures,  and  took  all  the  initial  samples  from  the  test  items,  plus  obtained  a  sample  of  the  fresh 
MIE-PRF-2104  15W-40  engine  oil. 


The  Cummins  QSB5.9  engine  from  the  B809D  Generator  set,  asset  DG62,  is  shown  in  Figure  1. 
The  Kubota  D905  engine  shown  in  Figure  2  is  for  the  asset  EU83,  the  FE-ID  light  cart.  The  Detroit 
Diesel  4-7 IN  engine  from  the  A/M32A-86DB809D  Generator  set,  asset  MG08,  is  shown  in  Figure 
3.  The  Isuzu  4FE1  engine  shown  in  Figure  4  is  for  the  asset  SG82,  the  SGNSC  nitrogen  generating 
cart.  The  Hatz  Z790  engine  from  the  AF/M27M-1  Hydraulic  Jacking  Manifold,  asset  MT09,  is 
shown  in  Figure  5.  The  Kubota  D1 105  engine  shown  in  Figure  6  is  for  the  asset  MFPl,  the  FP-90 
air  compressor  cart. 
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Figure  1.  Cummins  B5.9  Engine  from  DG62  Model  B809D  Generator  at  JBER 


Figure  2.  Kubota  Engine  for  LU83  Model  FL-ID  Light  Cart  at  JBER 


UNCLASSIFIED 

18 


UNCLASSIFIED 


Figure  3.  Detroit  Diesel  Engine  from  MG08  Model  A/M32A-86D  Generator  at  JBER 


Figure  4.  Isuzu  4LE1  Engine  for  SG62  Model  SGNSC  at  JBER 
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Figure  5.  Hatz  Engine  for  MT09  AF/M27M-1  Hydraulic  Jacking  Manifold  at  JBER 


Figure  6.  Kubota  Engine  from  MLPOl  Model  LP-90  Compressor  at  JBER 
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The  lists  from  MacDill  AFB  were  reviewed  and  the  test  artieles  shown  in  Table  2  were  selected 
for  inclusion  at  MacDill.  All  selected  assets  from  MacDill  were  U.S.  Air  Force  owned,  to  avoid 
issues  with  contractor  owned  equipment. 


Table  2.  AGE  Equipment  for  Lubricant  Sampling  at  MacDill 


AFB 

ASSET 

Equipment 

Engine 

MacDill 

SG02 

SGNSC 

Isuzu  4LE1-A 

MacDill 

FL04 

FL-ID 

Kubota  D905-EBG1 

MacDill 

DG25 

A/M32A-86 

Detroit  Diesel  4-7  IN 

MacDill 

HT06 

MJ-2A 

Detroit  Diesel  6V-53N 

MacDill 

AC13 

MA-3D 

John  Deere  4039T 

MacDill 

WLOl 

MJ-IB/C 

Deutz  D2011L02I 

At  MacDill  AFB,  Tampa  FL,  the  POCs  were  SMSgt  Koger  and  TSgt  Olcott  of  AMC  6 
MXS/MXMG.  SMSgt  Koger  selected  six  pieces  of  equipment  that  supported  KC-135  refueling 
operations.  SMSgt  Koger  and  TSgt  Olcott  were  both  trained  in  the  sampling  procedures,  and  took 
all  the  samples  from  the  test  items,  plus  obtained  a  sample  of  the  fresh  MIL-PRF-2104  15W-40 
engine  oil. 

The  Isuzu  4LE1  engine  shown  in  Figure  7  is  for  the  asset  SG02,  the  SGNSC  nitrogen  generating 
cart.  The  Kubota  D905  engine  shown  in  Figure  8  is  for  the  asset  FL04,  the  FL-ID  light  cart.  The 
Detroit  Diesel  4-71N  engine  from  the  A/M32A-86DB809D  Generator  set,  asset  DG25,  is  shown 
in  Figure  9.  The  Detroit  Diesel  6V-53N  engine  shown  in  Figure  10  is  for  the  asset  HT06,  the  MJ- 
2A  hydraulic  system  test  cart.  The  John  Deere  4039T  engine  from  the  MA-3D  Air  Conditioner 
unit,  asset  AC  13,  is  shown  in  Figure  11.  The  Deutz  D2011  engine  shown  in  Figure  12  is  for  the 
asset  WLOl,  the  MJ-IB/C  ordnance  loader. 
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Figure  7.  Isuzu  4LE1  Engine  from  SG02  Model  SGNSC  at  MacDill  AFB 


Figure  8.  Kubota  Engine  for  FL04  Model  FL-ID  Light  Cart  at  MacDill  AFB 
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Figure  9.  Detroit  Diesel  Engine  from  DG25  Model  A/M32A-86D  at  MacDill  AFB 


Figure  10.  Detroit  Diesel  Engine  From  HT06  Model  MJ-2A  at  MacDill  AFB 
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Figure  11.  John  Deere  Engine  from  AC13  Model  MA-3D  at  MacDOl  AFB 


Figure  12.  Deutz  Engine  from  WLOl  Model  MJ-IB/C  at  MacDill  AFB 
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4,2  Portable  Lubricant  Analyzers 

A  Spectro  Scientific  Co.  FluidScan  QIOOO  and  SpectroVisc  Q3050  hand  held  analyzer  kit,  along 
with  the  sampling  supplies,  data  library,  and,  software  was  obtained.  Onsite  training  of  TFLRF 
personnel  and  commissioning  for  both  instruments  was  provided  by  Spectro  Scientific  personnel. 
The  portable  analyzers  are  shown  in  Figure  13,  the  QIOOO  IR  analyzer  is  on  the  left,  and  the  Q3050 
viscometer  is  on  the  right. 


Figure  13.  Spectro  Scientific  Portable  Analyzers 


The  QIOOO  IR  instrument  compares  the  fiuids  to  known  library  spectra  to  make  a  determination. 
The  spectra  obtained  for  the  fresh  oils  from  JBER  and  MacDill  were  entered  as  new  library  entries 
in  the  instrument  data-base.  All  samples  then  can  be  referenced  to  their  library  new  oil  speetra  for 
lubricant  life  condition  estimates.  The  ASTM  D4739  TBN  value  for  each  of  the  fresh  oils  was 
entered  into  the  IR  analyzer  libraries  to  improve  instrument  aeeuraey  for  TBN.  During  the  eourse 
of  the  study  the  QIOOO  IR  instrument  identified  the  spectra  for  every  MaeDill  sample,  and  every 
JBER  sample,  as  being  subsets  of  their  respective  fresh  oil  samples. 
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A  drop  of  fluid  was  placed  on  the  analyzer  upper  quartz  window  shown  in  Figure  14,  the  cell 
closed,  and  then  inserted  into  the  instrument  for  analysis.  Prior  to  each  daily  use  an  IR  check  fluid 
was  run  to  validate  the  instrument  response.  The  quartz  windows  were  cleaned  between  each 
sample. 


Figure  14.  Quartz  Windows  of  FluidScan  QIOOO  Used  for  Lubricant  IR  Analysis 

During  the  training  it  was  noted  that  cleaning  technique  was  very  critical  for  getting  consistent 
measurements  with  the  Q3050  viscosity  instrument.  The  instrument  had  a  test  cell  with  micro¬ 
channels  that  flow  the  sample  past  photodiodes,  that  start  and  stop  a  timer,  when  the  sample  cell 
was  inserted  into  the  instrument.  The  test  cell  with  micro-channels  is  shown  in  Figure  15.  A  review 
of  the  initially  collected  data  suggested  that  proper  viscometer  instrument  cleaning  technique  needs 
to  be  refined  before  sample  analysis  can  begin.  Cleaning  of  the  instrument  micro -channels  is 
required  between  each  measurement.  The  cleaning  technique  is  refined  using  high  and  low 
viscosity  standards,  and  the  cleaning  methodology  is  considered  good  when  ten  independent 
measurements  of  the  standards  agree  within  3%.  Two  technicians  were  trained  to  reliably  obtain 
good  viscosity  measurements  independently  during  the  course  of  the  study. 
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During  the  program  the  viscometer  started  reading  variably  and  not  detecting  the  sample  cell 
insertion.  The  manufacturer  was  contacted  and  the  issue  with  the  hand  held  viscometer  turned  out 
to  be  a  screw  holding  a  micro  switch.  TFLRF  was  supplied  with  thread  sealant  and  the  unit  was 
repaired,  with  the  viscosity  values  using  the  check  fluids  returning  to  normal  after  the  instrument 
repair. 


Figure  15.  Sample  Cell  Micro-Channels  of  the  SpectroVisc  Q3050  Used  for  Viscosity 

Measurement 

4,3  Equipment  utilization 

Initially  the  program  was  conceived  to  have  a  mix  of  high  utilization  and  low  utilization  pieces  of 
equipment.  Based  on  the  logging  of  the  engine  hour  meters  at  each  sample  interval  most  of  the 
pieces  of  equipment  were  operated  less  than  100-hours  over  the  twelve  month  period,  at  both  test 
locations.  The  accumulated  operational  hours  for  the  JBER  assets  are  shown  in  Figure  16,  with 
MG08  the  A/M32A-86D  generator  set  engine  accumulating  464.8-hours.  Flowever  the  MT09 
AF/M27M-1  hydraulic  jacking  manifold  engine  only  accumulated  4.7-hours. 
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Cumulative  JBER  Lubricant  Survey  Asset  Utilization 


Figure  16.  Operational  Hours  Accumulated  by  Assets  During  Study  at  JBER 

The  accumulated  operational  hours  for  the  MacDill  assets  are  shown  in  Figure  17,  with  DG25  the 
A/M32A-86D  generator  set  engine  accumulating  533.6-hours.  In  contrast,  the  WLOl  MJM-IB/C 
ordnance  loader  engine  only  accumulated  4.5 -hours. 


A  cursory  review  of  industrial  engine  lubricant  change  intervals  revealed  an  oil  and  filter  changes  at 
200-hours  for  Kubota  engines,  and  intervals  of  250-hours  for  Flatz,  Isuzu,  Cummins,  John-Deere, 
and  Deutz  engines.  Detroit  Diesel  engines  for  generator  set  duty  have  an  oil  change  interval  of  300- 
hours.  Most  of  the  engine  manufacturers  suggest  oil  drain  intervals  may  be  extended  provided 
lubricant  analysis  is  used  to  determine  lubricant  condition. 


During  the  twelve  month  sampling  study,  approximately  2.8L  of  engine  oil  was  withdrawn  from 
each  engine.  The  Kubota  engine  have  sump  capacities  of  5.1  L.  The  Deutz  engine  has  a  sump 
capacity  of  6.5L. 


For  the  engines  with  smaller  sump  capacities,  almost  half  the  oil  volume  was  exchanged  due  to 
sampling  and  recharging  during  the  study.  The  Hatz  engine  holds  7L  of  oil,  and  the  Isuzu  engine 
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holds  8.4L.  The  Cummins  and  John-Deere  engines  hold  around  15L  of  lubricant.  The  Detroit  Diesel 
engines  hold  around  21 -24L  of  engine  oil. 
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Figure  17.  Operational  Hours  Accumulated  by  Assets  During  Study  at  MacDill 


4.4  ASSET  LUBRICANT  CONDITION  -  Laboratory  Testing 

The  fresh  oil  analysis  and  the  used  oil  analyses  presented  in  Table  3,  Table  4,  and  Table  5  are  for  the 
samples  taken  at  Joint  Base  Elmendorf  -Richardson  (JBER)  July  2015  through  June  2016  for  the 
ASTM  laboratory  procedures.  The  June  2016  sample  is  the  last  of  the  twelve  monthly  samples.  Overall 
engine  conditions  look  good  as  far  as  the  lubricant  analysis  is  concerned.  Of  interest  there  appears  to 
be  two  different  engine  oils  used,  as  the  Ca/Mg  additive  ratios  in  some  of  the  samples  appear  different. 
Asset  LU83  appears  to  have  had  the  oil  changed  in  DEC  15  based  solely  on  the  abrupt  change  of  the 
Ca/Mg  additive  ratio.  A  fresh  sample  of  the  lubricant  with  different  additive  balance  was  not  found  for 
analysis.  Due  to  the  sampling  over  twelve  months,  some  of  the  smaller  engine  pieces  of  equipment 
appear  to  have  lubricant  that  approaches  fresh  oil,  such  as  EU83,  MT09,  and  MLP1/MEP4.  One  piece 
of  equipment  MLPl,  was  turned  in  to  be  decommissioned,  and  a  replacement  newer  unit,  an  MEP4 
MC-20  air  compressor,  was  added.  A  fresh  sample  of  the  oil  used  in  MEP4  was  analyzed  and  it  appears 
to  be  the  same  lubricant  as  the  fresh  lubricant  samples  supplied  earlier. 
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Table  3.  Used  Oil  Analysis  for  JBER  AGE  Assets,  ASTM  Methods 


Sample  Period 

ASSET  ID 

Sample  ID 

Engine 

Hours 

D445 

D4739 

D664 

D51S5 

Viscosity,  cSt 

mgKOH/g 

mgKOH/g 

Elementals,  ppm 

100°C 

40°C 

TBN 

TAIM 

Al 

Sb 

Ba 

B 

Ca 

Cr 

Cu 

Fe 

Pb 

Mg 

Mn 

Mo 

Ni 

P 

Si 

Ag 

Na 

Sn 

Zn 

K 

Sr 

V 

Ti 

Cd 

JUL15 

NG82 

CL15-8330 

613.7 

14.938 

109.312 

7.92 

2.11 

El 

El 

El 

El 

BBl 

El 

El 

H 

B 

B 

m 

B 

IBH 

B 

B 

B 

B 

B 

B 

B 

B 

B 

AUG15 

NG82 

CL15-8464 

616.1 

14.615 

108.396 

7.90 

2.09 

D 

El 

El 

H 

El 

El 

H 

B 

KHil 

B 

m 

B 

niEi 

B 

B 

B 

B 

B 

B 

B 

B 

B 

SEP15 

CL15-8567 

618.0 

14.676 

106.954 

7.75 

2.08 

D 

El 

El 

El 

BHil 

El 

El 

B 

B 

BBl 

B 

m 

B 

IBKl 

B 

B 

B 

B 

tKsm 

B 

B 

B 

B 

B 

OCT15 

CL15-8662 

623.4 

14.327 

105.661 

7.76 

2.28 

D 

El 

El 

H 

BHI 

El 

El 

D 

B 

B 

B 

B 

iniin 

B 

B 

B 

B 

KEH 

B 

B 

B 

B 

B 

NOV15 

NG82 

CL15-8820 

623.4 

14.283 

105.306 

8.06 

2.37 

n 

El 

El 

H 

HiHSl 

El 

El 

B 

B 

B 

B 

B 

inH 

B 

B 

B 

B 

KB3 

B 

B 

B 

B 

B 

DEC15 

NG82 

CL15-8903 

627.6 

14.225 

103.700 

7.72 

2.15 

El 

El 

El 

H 

IKH 

El 

El 

B 

B 

m 

B 

m 

B 

nni 

B 

B 

B 

B 

KH51 

B 

B 

B 

B 

B 

JAN16 

NG82 

CL16-9024 

628.1 

14.220 

105.478 

7.66 

2.24 

H 

El 

El 

H 

El 

El 

B 

B 

m 

B 

m 

B 

nB!i 

B 

B 

B 

B 

KB3 

B 

B 

B 

B 

B 

FEB16 

NG82 

CL16-9173 

632.1 

14.106 

102.881 

7.87 

2.05 

n 

El 

El 

El 

El 

El 

B 

B 

m 

B 

m 

B 

BBEl 

B 

B 

B 

B 

KEEl 

B 

B 

B 

B 

B 

MAR16 

NG82 

CL16-9284 

635.9 

14.831 

101.543 

7.69 

2.24 

D 

El 

El 

H 

IBH 

El 

El 

B 

B 

m 

B 

m 

B 

nBH 

B 

B 

B 

B 

ffiEEl 

B 

B 

B 

B 

B 

APR16 

NG82 

CL16-9393 

637.7 

13.893 

101.814 

7.95 

2.07 

H 

El 

El 

El 

KIH 

El 

El 

B 

B 

m 

B 

B 

B 

IBEH 

B 

B 

B 

B 

BH51 

B 

B 

B 

B 

B 

MAY16 

NG82 

CL16-9487 

637.7 

13.980 

102.041 

8.05 

2.15 

n 

El 

El 

El 

El 

El 

B 

B 

B 

m 

B 

nfH 

B 

B 

B 

B 

KliBI 

B 

B 

B 

B 

B 

JUN16 

NG82 

CL16-9639 

640.2 

13.948 

101.859 

7.72 

2.14 

n 

El 

El 

D 

El 

El 

B 

B 

Efl 

B 

m 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JUL15 

MT09 

CL15-8327 

785.7 

13.244 

94.094 

8.55 

2.02 

H 

El 

El 

H 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

KtH 

B 

B 

B 

B 

B 

AUG15 

CL15-8465 

786.2 

13.189 

94.200 

8.45 

1.81 

H 

El 

El 

□ 

El 

□ 

B 

B 

B 

B 

B 

HiiiH 

B 

B 

B 

B 

B 

B 

B 

B 

B 

SEP15 

CL15-8568 

786.2 

13.206 

93.093 

8.50 

2.03 

D 

El 

El 

□ 

El 

□ 

B 

B 

m 

B 

B 

B 

nBH 

B 

B 

B 

B 

BBEl 

B 

B 

B 

B 

B 

OCT15 

IVIT09 

CL15-8663 

787.6 

13.048 

93.915 

8.63 

2.06 

H 

El 

El 

H 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

NOV15 

IVIT09 

CL15-8821 

787.7 

13.390 

95.279 

8.71 

2.12 

H 

El 

El 

D 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

DEC15 

IVIT09 

CL15-8904 

787.7 

13.312 

93.537 

8.59 

2.14 

D 

El 

El 

D 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JAN16 

MT09 

CL16-9025 

788.2 

13.283 

94.378 

8.44 

1.81 

H 

D 

El 

H 

El 

B 

B 

B 

B 

^9 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

FEB16 

CL16-9174 

789.1 

13.491 

95.356 

8.29 

2.01 

n 

El 

El 

El 

El 

B 

B 

B 

B 

B 

Bl 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

MAR16 

CL16-9285 

790.4 

13.920 

101.125 

8.44 

2.13 

H 

El 

El 

El 

El 

B 

B 

B 

B 

B 

B 

^9 

B 

B 

B 

B 

B 

B 

B 

B 

APR16 

MT09 

CL16-9394 

790.4 

13.934 

97.867 

9.19 

2.39 

El 

El 

El 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

MAY16 

MT09 

CL16-9488 

790.4 

13.838 

98.053 

8.56 

2.04 

H 

El 

El 

D 

El 

B 

B 

B 

B 

m 

B 

^9 

B 

B 

B 

B 

B 

B 

B 

B 

JUN16 

MT09 

CL16-9640 

790.4 

14.097 

100.139 

8.56 

2.08 

n 

El 

El 

D 

El 

B 

B 

B 

B 

B 

B 

B 

^^9 

^9 

B 

B 

B 

^^9 

B 

B 

B 

B 

B 
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Table  4,  Used  Oil  Analysis  for  JBER  AGE  Assets,  ASTM  Methods 


Sample  Period 

ASSET  ID 

Sample  ID 

Engine 

Hours 

D445 

D4739 

D664 

D51S5 

Viscosity,  cSt 

mgKOH/g 

mgKOH/g 

Elementals,  ppm 

100°C 

40°C 

TBN 

TAN 

Al 

Sb 

Ba 

B 

Ca 

Cr 

Cu 

Fe 

Pb 

Mg 

Mn 

Mo 

Ni 

P 

Si 

Ag 

Na 

Sn 

Zn 

K 

Sr 

V 

Ti 

Cd 

JUL15 

DG62 

CL15-8329 

326.2 

14.871 

110.919 

8.21 

2.29 

El 

El 

El 

El 

El 

El 

H 

B 

m 

B 

B 

B 

WISH 

B 

B 

B 

B 

KIH 

B 

B 

B 

B 

B 

AUG15 

DG62 

CL15-8466 

361.3 

14.330 

105.997 

7.63 

2.13 

D 

El 

El 

El 

IBiH 

El 

El 

D 

B 

m 

B 

m 

B 

IIEH 

D 

B 

B 

B 

KH51 

B 

B 

B 

B 

B 

SEP15 

DG62 

CL15-8569 

370.9 

14.333 

105.416 

7.70 

2.29 

D 

El 

El 

El 

IBM 

El 

El 

D 

B 

m 

B 

m 

B 

IIBI 

B 

B 

B 

B 

KEH 

B 

B 

B 

B 

B 

OCT15 

DG62 

CL15-8664 

375.8 

14.784 

107.624 

7.92 

2.14 

D 

El 

El 

El 

TtVSX 

El 

El 

H 

B 

KBil 

B 

B 

B 

mH 

B 

B 

B 

B 

KBH 

B 

B 

B 

B 

B 

NOV15 

DG62 

CL15-8822 

385.6 

14.566 

105.419 

7.87 

2.06 

Q 

El 

El 

El 

IIHSl 

El 

El 

□ 

B 

B 

B 

B 

IHiH 

B 

B 

B 

B 

KSl 

B 

B 

B 

B 

B 

DEC15 

DG62 

CL15-8905 

393.4 

14.493 

104.654 

7.85 

2.07 

n 

El 

El 

El 

IBEEI 

El 

El 

B 

B 

m 

B 

B 

B 

nni 

B 

B 

B 

B 

KH51 

B 

B 

B 

B 

B 

JAN16 

DG62 

CL16-9026 

414.9 

14.324 

103.442 

7.24 

2.51 

n 

El 

El 

El 

tKSB 

El 

El 

D 

B 

B 

B 

B 

iroi 

B 

B 

B 

B 

KH51 

B 

B 

B 

B 

B 

FEB16 

DG62 

CL16-9175 

426.5 

14.416 

102.285 

7.26 

2.07 

n 

El 

El 

El 

El 

El 

B 

B 

B 

m 

B 

IIBI 

B 

B 

B 

B 

KHil 

B 

B 

B 

B 

B 

MAR16 

DG62 

CL16-9286 

467.0 

14.145 

101.702 

6.73 

2.62 

H 

El 

El 

El 

ITOl 

El 

El 

B 

B 

m 

B 

m 

B 

IHiH 

B 

B 

B 

B 

BBiH 

B 

B 

B 

B 

B 

APR16 

DG62 

CL16-9395 

474.5 

14.162 

101.615 

7.31 

2.30 

H 

El 

El 

El 

IBHH 

El 

El 

B 

B 

B 

m 

B 

iBEn 

B 

B 

B 

B 

HiHil 

B 

B 

B 

B 

B 

MAY16 

DG62 

CL16-9489 

479.9 

14.194 

101.555 

7.14 

2.40 

H 

El 

El 

El 

KHil 

El 

El 

B 

B 

B 

m 

B 

IIBI 

B 

B 

B 

B 

KliBI 

B 

B 

B 

B 

B 

JUN16 

DG62 

CL16-9641 

487.5 

14.177 

102.294 

6.82 

2.2 

n 

El 

El 

El 

El 

El 

B 

B 

m 

B 

m 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JUL15 

LU83 

CL15-8325 

1344.7 

14.205 

105.663 

8.00 

2.21 

n 

El 

El 

n 

IBiH 

El 

El 

B 

B 

oa 

B 

B 

B 

IliH 

B 

B 

B 

B 

KITH 

B 

B 

B 

B 

B 

AUG15 

LU83 

CL15-8467 

1344.9 

14.298 

104.224 

7.96 

2.36 

D 

El 

El 

D 

El 

El 

B 

B 

m 

B 

B 

B 

IIEH 

B 

B 

B 

B 

BHiH 

B 

B 

B 

B 

B 

SEP15 

LU83 

CL15-8570 

1345.0 

14.363 

104.623 

8.26 

2.29 

D 

El 

El 

El 

El 

El 

B 

B 

m 

B 

m 

B 

iroi 

B 

B 

B 

B 

KBl 

B 

B 

B 

B 

B 

OCT15 

LU83 

CL15-8665 

1345.3 

14.212 

104.266 

8.08 

2.25 

n 

El 

El 

El 

IHSl 

El 

El 

B 

B 

B 

m 

B 

IHSl 

B 

B 

B 

B 

BBH 

B 

B 

B 

B 

B 

NOV15 

LU83 

CL15-8823 

1368.1 

14.323 

104.663 

8.37 

2.01 

D 

El 

El 

El 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

DEC15 

LU83 

CL15-8906 

1369.5 

15.084 

111.541 

8.99 

2.64 

El 

El 

El 

El 

El 

El 

H 

B 

B 

B 

B 

B 

^^y 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JAN16 

LU83 

CL16-9027 

1374.5 

14.727 

107.864 

9.22 

2.24 

El 

El 

El 

D 

El 

El 

H 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

FEB16 

LU83 

CL16-9176 

1375.6 

14.793 

106.472 

9.44 

2.18 

El 

El 

El 

El 

^^y 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

MAR16 

LU83 

CL16-9287 

1399.4 

14.127 

88.967 

8.84 

2.17 

n 

El 

El 

El 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

LU83 

CL16-9287 

102.811 

APR16 

LU83 

CL16-9396 

1399.5 

14.223 

103.365 

8.71 

2.20 

D 

El 

El 

El 

^^y 

El 

El 

B 

B 

^^y 

B 

Bl 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

MAY16 

LU83 

CL16-9490 

1399.7 

14.126 

102.181 

8.92 

2.41 

D 

El 

El 

El 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JUN16 

LU83 

CL16-9642 

1399.9 

14.018 

102.149 

8.56 

2.05 

El 

El 

El 

El 

^^y 

El 

El 

B 

B 

^^y 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 
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Table  5.  Used  Oil  Analysis  for  JBER  AGE  Assets,  ASTM  Methods 


Sample  Period 

ASSET  ID 

Sample  ID 

Engine 

Hours 

D445 

D4739 

D664 

D5185 

Viscosity,  cSt 

mgKOH/g 

mgKOH/g 

Elementals,  ppm 

100°C 

40°C 

TBN 

TAN 

Al 

Sb 

Ba 

B 

Ca 

Cr 

Cu 

Fe 

Pb 

Mg 

Mn 

Mo 

Ni 

P 

Si 

Ag 

Na 

Sn 

Zn 

K 

Sr 

V 

Ti 

Cd 

JUL15 

MLPl 

CL15-8326 

146.9 

13.960 

101.221 

8.20 

2.21 

D 

El 

El 

El 

BBjH 

El 

El 

B 

B 

m 

B 

B 

B 

B 

B 

B 

B 

IfBI 

B 

B 

B 

B 

B 

AUG15 

MLPl 

CL15-8468 

153.6 

13.942 

99.809 

8.08 

2.16 

H 

El 

El 

El 

EHiH 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

IfEH 

B 

B 

B 

B 

B 

SEP15 

MLPl 

CL15-8571 

153.8 

13.835 

99.741 

8.10 

2.24 

D 

El 

El 

El 

EHSH 

El 

El 

B 

B 

B 

B 

B 

BHH 

B 

B 

B 

B 

IBilil 

B 

B 

B 

B 

B 

OCT15 

MLPl 

CL15-8666 

155.7 

13.965 

101.029 

7.84 

2.37 

El 

El 

El 

El 

El 

El 

B 

B 

m 

B 

B 

B 

B 

B 

B 

B 

IHiH 

B 

B 

B 

B 

B 

NOV15 

MLPl 

CL15-8824 

156.0 

14.760 

101.803 

8.30 

2.11 

D 

El 

El 

El 

PIBl 

El 

El 

B 

B 

m 

B 

m 

B 

VfSB 

B 

B 

B 

B 

IBBl 

B 

B 

B 

B 

B 

DEC15 

MLPl 

CL15-8907 

157.6 

13.929 

101.062 

8.03 

2.07 

D 

El 

El 

El 

BBI 

El 

El 

B 

B 

IS 

B 

B 

B 

BBI 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

JAN16 

MLPl 

CL16-9028 

157.9 

13.954 

101.236 

8.03 

2.09 

D 

El 

El 

H 

BiBH 

El 

El 

B 

B 

B 

B 

B 

BBl 

B 

B 

B 

lEEH 

B 

B 

B 

B 

B 

FEB16 

MLP4 

CL16-9177 

342.5 

15.115 

108.085 

8.16 

2.25 

D 

El 

El 

El 

El 

El 

B 

B 

m 

B 

m 

B 

nHS 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

MAR16 

MLP4 

CL16-9288 

343.4 

14.608 

104.028 

8.25 

2.40 

D 

El 

El 

El 

IPBI 

El 

El 

B 

B 

B 

m 

B 

B 

B 

B 

B 

IHiH 

B 

B 

B 

B 

B 

APR16 

MLP4 

CL16-9397 

344.9 

14.322 

101.822 

8.50 

2.48 

H 

El 

El 

El 

HiiilH 

El 

El 

B 

B 

m 

B 

m 

B 

ttfSl 

B 

B 

B 

B 

IBiH 

B 

B 

B 

B 

B 

MAY16 

MLP4 

CL16-9491 

345.6 

14.161 

100.124 

8.31 

2.20 

H 

El 

El 

El 

roH 

El 

El 

B 

B 

m 

B 

m 

B 

IHSl 

B 

B 

B 

B 

lEBEI 

B 

B 

B 

B 

B 

JUN16 

MLP4 

CL16-9643 

357.9 

14.306 

101.075 

8.1 

2.11 

D 

El 

El 

D 

El 

El 

B 

B 

B 

m 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JUL15 

MG08 

CL15-8328 

6814.2 

12.432 

90.125 

7.65 

2.14 

Q 

El 

El 

El 

IHiH 

El 

B 

B 

B 

B 

B 

B 

ttfSi 

B 

B 

B 

B 

IBEI 

B 

B 

B 

B 

B 

AUG15 

MG08 

CL15-8469 

6867.9 

12.251 

88.430 

7.20 

2.27 

D 

El 

El 

B 

IBiEI 

El 

B 

B 

B 

m 

B 

B 

B 

BKl 

B 

B 

B 

B 

lEgg 

B 

B 

B 

B 

B 

SEP15 

MG08 

CL15-8572 

6915.3 

12.548 

90.217 

7.33 

2.23 

Q 

El 

El 

El 

IBM 

El 

B 

B 

B 

m 

B 

B 

B 

BBH 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

OCT15 

MG08 

CL15-8667 

6919.1 

12.592 

91.049 

7.33 

2.39 

D 

El 

El 

El 

El 

B 

B 

B 

m 

B 

m 

B 

BBl 

B 

B 

B 

B 

HeCH 

B 

B 

B 

B 

B 

NOV15 

MG08 

CL15-8825 

6919.2 

12.749 

91.771 

7.39 

2.13 

D 

El 

El 

El 

IBBGl 

El 

B 

B 

B 

KlSl 

B 

B 

B 

BHH 

9 

B 

B 

B 

IHiH 

B 

B 

B 

B 

B 

DEC15 

MG08 

CL15-8908 

7056.9 

12.215 

88.019 

7.45 

2.29 

El 

El 

El 

El 

El 

B 

B 

B 

B 

B 

B 

BEH 

9 

B 

B 

B 

HeEH 

B 

B 

B 

B 

B 

JAN16 

MG08 

CL16-9029 

7077.7 

12.294 

85.545 

7.36 

2.31 

D 

El 

El 

El 

IBBH 

El 

B 

B 

B 

m 

B 

B 

B 

BBH 

9 

B 

B 

B 

HcEH 

B 

B 

B 

B 

B 

FEB16 

MG08 

CL16-9178 

7084.4 

12.448 

88.271 

7.04 

2.31 

H 

El 

El 

El 

El 

H 

m 

H 

El 

m 

El 

8 

B 

B 

B 

B 

B 

B 

B 

B 

MAR16 

MG08 

CL16-9289 

7154.1 

12.265 

87.129 

7.25 

2.37 

D 

El 

El 

El 

El 

D 

m 

B 

El 

m 

El 

9 

B 

B 

B 

B 

B 

B 

B 

B 

APR16 

CL16-9398 

7182.9 

12.340 

87.103 

7.19 

2.45 

D 

El 

El 

El 

El 

D 

m 

D 

B 

El 

m 

El 

9 

B 

B 

B 

B 

B 

B 

B 

B 

MAY16 

CL16-9492 

7236.0 

12.445 

87.962 

7.58 

2.42 

D 

El 

El 

El 

El 

D 

m 

D 

m 

El 

m 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JUN16 

MG08 

CL16-9644 

7279 

12.333 

87.403 

7.29 

2.42 

H 

El 

El 

El 

El 

D 

Bl 

D 

B 

El 

m 

El 

D 

B 

B 

B 

B 

B 

B 

B 

B 

JUL15 

NEW 

CL15-8324 

0 

15.779 

118.522 

8.29 

2.36 

D 

El 

El 

El 

El 

El 

D 

El 

B 

El 

m 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

AUG15 

NEW 

CL15-8463 

0 

15.214 

110.407 

7.99 

2.09 

D 

El 

El 

D 

El 

El 

D 

El 

B 

El 

m 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

FEB16 

15W40 

CL16-9172 

0 

15.160 

108.402 

8.74 

2.43 

D 

El 

El 

El 

^^9 

El 

El 

n 

El 

B 

El 

m 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 
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A  bar  chart  of  ASTM  D445  viscosity  at  100  °C  for  each  JBER  asset  is  shown  in  Figure  18  for  the 
twelve  month  sampling  period.  The  variation  in  viscosity  over  the  period  appears  to  be  less  than 
0.5  cSt  for  each  piece  of  equipment,  suggesting  the  lubricant  was  neither  thickening  due  to 
oxidation  or  soot,  nor  thinning  due  to  fuel  dilution  or  shearing. 
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Figure  18.  Asset  ASTM  D445  Viscosity  at  100  °C  for  Study  at  JBER 


A  bar  chart  of  ASTM  D4739  Total  Base  Number  (TBN)  for  each  JBER  asset  is  shown  in  Figure 
19  for  the  twelve  month  sampling  period.  The  variation  in  TBN  over  the  period  appears  to  be  less 
than  1.5  mgKOH/g  for  each  piece  of  equipment,  suggesting  the  lubricant  was  maintaining 
sufficient  reserve  alkalinity.  Some  assets  with  smaller  engines  had  increasing  TBN,  suggesting 
that  sufficient  oil  additions  after  sampling  had  occurred  to  replenish  the  lubricant  charge. 


A  bar  chart  of  ASTM  D5185  analysis  for  the  element  Iron  (Fe)  for  each  JBER  asset  is  shown  in 
Figure  20  for  the  twelve  month  sampling  period.  Fe  accumulation  in  the  lubricant  signifies  piston 
ring  and  liner  wear,  and  cam  and  follower  wear.  Five  of  the  assets  had  Fe  concentrations  below 
10-ppm  for  the  whole  study.  MG08  had  accumulations  of  Fe  up  to  30-ppm,  well  below  a  150-ppm 
limit  set  by  Detroit  Diesel.  Typically  you  would  like  to  see  100-ppm  Fe  or  less  in  lubricants. 
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Figure  19.  Asset  ASTM  D4739  Total  Base  Number  for  Study  at  JBER 
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Figure  20.  Asset  ASTM  D5185  Iron  (Fe)  Wear  Element  for  Study  at  JBER 
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The  used  oil  analysis,  and  fresh  oil  analysis  for  the  samples  taken  at  MacDill  AFB  from  July  2015 
through  June  2016  are  shown  in,  Table  6,  Table  7,  and  Table  8  for  the  ASTM  laboratory  analysis. 
One  piece  of  equipment,  HT06,  underwent  an  oil  change,  and  the  October  sample  looked  like  fresh 
oil,  and  the  results  show  a  viscosity  increase  for  the  OCT  and  NOV  samples  because  of  the  fresh 
oil  addition.  The  DEC  through  JUN  samples  for  HT06  show  a  minor  viscosity  decrease.  The  AC  13 
was  undergoing  repair  and  did  not  run  during  OCT,  but  has  been  brought  online  for  NOV  through 
JUN.  It  appears  the  unit  kept  the  same  lubricant  charge  in  AC  13  for  the  repair  actions.  AC  13  is 
showing  an  accumulation  of  Iron,  that  is  stabilizing,  but  still  well  within  limits.  DG25  is  starting 
to  show  Iron,  and  the  viscosity  was  falling,  but  appeared  to  stabilize.  Most  MacDill  samples  show 
higher  levels  of  Na  (Sodium)  than  the  JBER  samples. 

A  bar  chart  of  ASTM  D445  viscosity  at  100  °C  for  each  MacDill  asset  is  shown  in  Eigure  21  for 
the  twelve  month  sampling  period.  The  variation  in  viscosity  over  the  period  appears  to  be  on  the 
order  of  0.5  -  1.0  cSt  for  each  piece  of  equipment,  suggesting  the  lubricant  was  neither  thickening 
due  to  oxidation  or  soot,  nor  thinning  due  to  fuel  dilution  or  shearing. 
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Figure  21.  Asset  ASTM  D445  Viscosity  at  100  °C  for  Study  at  MacDill 
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Table  6,  ASTM  Laboratory  Method  Used  Engine  Oil  Results  for  MacDill  AFB  Assets 
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Table  7.  ASTM  Laboratory  Method  Used  Engine  Oil  Results  for  MacDill  AFB  Assets 


Sample 

Period 

ASSET  ID 

Sample  ID 

Engine 

Hours 

D445 

D4739 

D664 

D5185 

Viscosity,  cSt 

mgKOH/g 

mgKOH/g 

Elementals,  ppm 

100°C 

40°C 

TBN 

TAN 

Al 

Sb 

Ba 

B 

Ca 

Cr 

Cu 

Fe 

Pb 

Mg 

Mn 

Mo 

Ni 

P 

Si 

Ag 

Na 

Sn 

Zn 

K 

Sr 

V 

Ti 

Cd 

JUL15 

WLOl 

CL15-8368 

55.1 

13.366 

93.319 

7.99 

1.85 

<1 

El 

El 

El 

B 

B 

B 

B 

El 

B 

B 

m 

B 

B 

B 

KBl 

B 

B 

B 

B 

B 

AUG15 

WLOl 

CL15-8479 

55.1 

13.249 

92.724 

8.02 

1.8 

1 

El 

El 

H 

B 

B 

B 

B 

BSl 

El 

B 

B 

H8EH 

B 

B 

m 

B 

B 

B 

B 

B 

B 

SEP15 

WLOl 

CL15-8594 

55.1 

13.177 

91.84 

7.89 

1.92 

<1 

El 

El 

H 

B 

B 

B 

B 

776 

B 

B 

B 

BBil 

B 

B 

m 

B 

1247 

B 

B 

B 

B 

B 

OCT15 

WLOl 

CL15-8694 

55.7 

13.269 

92.249 

8.09 

2.09 

<1 

El 

El 

El 

KM 

B 

B 

B 

B 

746 

El 

B 

B 

BBS 

B 

B 

m 

B 

B 

B 

B 

B 

B 

NOV15 

WLOl 

CL15-8805 

56.2 

13.389 

93.008 

8.01 

2.14 

<1 

El 

El 

D 

KEH 

B 

B 

B 

B 

B 

B 

B 

1116 

B 

B 

B 

B 

lEHS 

B 

B 

B 

B 

B 

DEC15 

WLOl 

CL15-8899 

56.5 

13.372 

93.654 

7.83 

2.18 

1 

El 

El 

B 

H3iH 

B 

B 

B 

B 

B 

B 

B 

BEH 

B 

B 

B 

B 

1^8 

B 

B 

B 

B 

B 

JAN16 

WLOl 

CL16-9051 

57.0 

13.399 

92.88 

8 

1.99 

<1 

El 

El 

B 

KTH 

B 

B 

B 

B 

B 

B 

B 

1112 

B 

B 

B 

B 

1271 

B 

B 

B 

B 

B 

FEB16 

WLOl 

CL16-9194 

57.4 

13.391 

92.803 

8.03 

1.91 

1 

El 

El 

B 

H3iH 

B 

B 

B 

B 

B 

B 

B 

BEH 

B 

B 

EE 

B 

IMl 

B 

B 

B 

B 

B 

MAR16 

WLOl 

CL16-9318 

58.2 

13.456 

93.057 

8.08 

2.24 

<1 

El 

El 

B 

ffiKI 

B 

B 

B 

B 

B 

B 

B 

BBS 

B 

B 

B 

B 

1271 

B 

B 

B 

B 

B 

APR16 

WLOl 

CL16-9407 

58.8 

13.436 

94.194 

CO 

1.91 

<1 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

HiBI 

B 

B 

B 

B 

B 

B 

B 

B 

B 

MAY16 

WLOl 

CL16-9483 

59.2 

13.358 

92.779 

7.89 

1.98 

<1 

El 

El 

B 

ffilSl 

B 

B 

B 

B 

B 

B 

B 

1112 

B 

B 

EE 

B 

IBM 

B 

B 

B 

B 

B 

JUN16 

WLOl 

CL16-9635 

59.6 

13.389 

90.826 

8.03 

2.05 

<1 

El 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JUL15 

DG25 

CL15-8369 

3921.4 

12.717 

88.992 

7.7 

2.09 

<1 

El 

El 

El 

B 

B 

B 

B 

B 

B 

B 

1147 

m 

B 

B 

B 

KM 

B 

B 

B 

B 

B 

AUG15 

DG25 

CL15-8480 

4003.9 

12.266 

86.198 

7.04 

2.1 

El 

El 

El 

B 

rosH 

B 

B 

B 

B 

B 

B 

B 

1111 

B 

B 

B 

B 

HSiH 

B 

B 

B 

B 

B 

SEP15 

DG25 

CL15-8595 

4051.4 

12.218 

85.697 

7.09 

2.33 

<1 

El 

El 

B 

IHSBl 

B 

B 

B 

B 

B 

B 

B 

BBH 

B 

B 

B 

D 

KTB 

B 

B 

B 

B 

B 

OCT15 

DG25 

CL15-8695 

4078.7 

12.198 

85.507 

7.17 

2.54 

<1 

El 

El 

B 

B 

B 

m 

B 

B 

B 

B 

BBS 

B 

B 

B 

D 

IBH 

B 

B 

B 

B 

B 

NOV15 

DG25 

CL15-8806 

4131.1 

12.147 

84.882 

6.82 

2.31 

El 

El 

El 

B 

fCBR 

B 

B 

m 

B 

B 

B 

B 

BliB 

m 

B 

B 

B 

1274 

B 

B 

B 

B 

B 

DEC15 

CL15-8900 

4166.7 

12.701 

85.814 

6.65 

2.24 

<1 

El 

El 

B 

B 

B 

m 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JAN16 

CLl  6-9052 

4187.0 

12.281 

86.224 

7.15 

2.39 

<1 

El 

El 

B 

1312 

B 

B 

B 

B 

912 

B 

B 

B 

BKI 

B 

B 

B 

B 

KHil 

B 

B 

B 

B 

B 

FEB16 

DG25 

CLl  6-9195 

4216.7 

12.196 

85.776 

6.96 

2.37 

1 

El 

El 

B 

B 

B 

B 

B 

la 

B 

B 

B 

1137 

B 

B 

B 

B 

B 

B 

B 

B 

B 

MAR16 

DG25 

CLl  6-9319 

4282.8 

12.464 

86.307 

7.01 

2.68 

El 

El 

El 

B 

KHil 

B 

8 

B 

B 

KliW 

B 

B 

B 

BEH 

B 

B 

B 

B 

KBl 

B 

B 

B 

B 

B 

APR16 

DG25 

CLl  6-9408 

4373.5 

12.211 

86.004 

6.78 

2.4 

El 

El 

El 

B 

B 

8 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

MAY16 

DG25 

CL16-9484 

4388.1 

12.341 

87.74 

6.85 

2.5 

El 

El 

El 

B 

KBl 

B 

8 

B 

B 

B 

B 

B 

BBS 

B 

B 

B 

B 

IHHi 

B 

B 

B 

B 

B 

JUN16 

DG25 

CL16-9636 

4455 

12.457 

90.995 

6.82 

2.47 

El 

El 

El 

B 

B 

B 

Bil 

B 

KM 

B 

B 

B 

BKI 

B 

B 

B 

B 

K!!H 

B 

B 

B 

B 

B 
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Table  8.  ASTM  Laboratory  Method  Used  Engine  Oil  Results  for  MacDill  AFB  Assets 


Sample 

Period 

ASSET  ID 

Sample  ID 

Engine 

Hours 

D445 

D4739 

D664 

D5185 

Viscosity,  cSt 

mgKOH/g 

mgKOH/g 

Elementals,  ppm 

100°C 

40°C 

TBN 

TAN 

Al 

Sb 

Ba 

B 

Ca 

Cr 

Cu 

Fe 

Pb 

Mg 

Mn 

Mo 

Ni 

P 

Si 

Ag 

Na 

Sn 

Zn 

K 

Sr 

V 

Ti 

Cd 

JUL15 

SG02 

CL15-8370 

374.8 

14.232 

101.216 

7.35 

2.27 

Q 

El 

El 

El 

B 

B 

B 

B 

Bell 

B 

B 

B 

IHM 

B 

B 

B 

B 

IBM 

B 

B 

B 

B 

B 

AUG15 

SG02 

CL15-8481 

380.8 

14.058 

99.942 

7.29 

2.19 

D 

El 

El 

n 

fCCR 

B 

B 

B 

B 

B 

B 

B 

IHiH 

B 

B 

B 

B 

B 

B 

B 

B 

B 

SEP15 

SG02 

CL15-8596 

381.7 

14.061 

100.204 

7.1 

2.26 

Q 

El 

El 

B 

fCBk 

B 

B 

B 

B 

m 

B 

B 

B 

BBS 

B 

B 

B 

B 

B 

B 

B 

B 

B 

OCT15 

SG02 

CL15-8696 

385.6 

14.081 

100.382 

7.5 

2.32 

El 

El 

El 

El 

B 

B 

B 

B 

B 

B 

B 

1137 

B 

B 

B 

B 

B 

B 

B 

B 

B 

NOV15 

SG02 

CL15-8807 

392.7 

14.009 

99.773 

7.09 

2.02 

H 

El 

El 

B 

IBM 

B 

B 

Hil 

B 

m 

B 

B 

B 

IWBI 

B 

B 

B 

B 

B 

B 

B 

B 

B 

DEC15 

SG02 

CL15-8901 

397.8 

13.878 

100.216 

6.78 

2.48 

El 

El 

El 

B 

B 

B 

B 

B 

sa 

B 

B 

B 

IHM 

B 

B 

B 

B 

1317 

B 

B 

B 

B 

B 

JAN16 

SG02 

CL16-9053 

400.4 

14.572 

98.286 

6.97 

2.55 

El 

El 

El 

B 

IBiH 

B 

B 

B 

B 

KHel 

B 

B 

B 

BIH 

B 

B 

B 

B 

IBiH 

B 

B 

B 

B 

B 

FEB16 

SG02 

CLl  6-9196 

401.6 

13.946 

99.129 

7.26 

2.85 

D 

El 

El 

B 

HcHil 

B 

B 

B 

B 

m 

B 

B 

B 

1143 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

MAR16 

SG02 

CLl  6-9320 

406.6 

13.984 

98.539 

7.07 

2.59 

D 

El 

El 

B 

IBiBl 

B 

B 

B 

B 

m 

B 

B 

B 

IHM 

B 

B 

B 

B 

IHiH 

B 

B 

B 

B 

B 

APR16 

SG02 

CLl  6-9409 

412.0 

13.756 

97.76 

7.1 

2.79 

D 

El 

El 

B 

IBH 

B 

B 

B 

B 

B 

B 

B 

iim 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

MAY16 

SG02 

CLl  6-9485 

419.3 

13.832 

99.042 

7.06 

2.55 

H 

El 

El 

B 

IBH 

B 

B 

B 

B 

KCBl 

B 

B 

B 

BBil 

B 

B 

B 

B 

IHiH 

B 

B 

B 

B 

B 

JUN16 

SG02 

CL16-9637 

425.3 

13.837 

100.61 

6.69 

2.38 

D 

El 

El 

B 

Kffl 

B 

B 

B 

B 

KBI 

B 

B 

B 

1143 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JUL15 

FL04 

CL15-8371 

9185.9 

13.719 

95.527 

7.61 

2.1 

El 

El 

El 

B 

1241 

B 

B 

B 

B 

m 

B 

B 

B 

BBBl 

B 

B 

B 

B 

HBI 

B 

B 

B 

B 

B 

AUG15 

FL04 

CL15-8482 

9188.0 

13.612 

94.456 

7.92 

2.02 

D 

El 

El 

B 

1212 

B 

B 

8 

B 

811 

B 

B 

B 

IIBH 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

SEP15 

FL04 

CL15-8597 

9200.8 

13.545 

94.496 

7.78 

1.85 

El 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

BBil 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

OCT15 

FL04 

CL15-8697 

9204.4 

13.771 

95.168 

7.97 

1.95 

D 

El 

El 

B 

B 

B 

B 

B 

Bin 

B 

B 

B 

1141 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

NOV15 

FL04 

CL15-8808 

9204.8 

13.662 

95.284 

7.84 

1.71 

El 

El 

El 

B 

KEH 

B 

B 

B 

B 

Bin 

B 

4 

B 

ntn 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

DEC15 

FL04 

CL15-8902 

9207.5 

13.592 

94.884 

7.9 

1.77 

El 

El 

El 

B 

B 

B 

B 

B 

BEl 

B 

4 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JAN16 

FL04 

CL16-9054 

9207.7 

13.646 

94.953 

7.86 

2.04 

El 

El 

El 

B 

ESI 

B 

B 

B 

B 

KBS 

B 

4 

B 

1117 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

FEB16 

FL04 

CL16-9197 

9208.4 

13.62 

94.432 

7.77 

2.38 

n 

El 

El 

B 

IBM 

B 

B 

B 

B 

m 

B 

4 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

MAR16 

FL04 

CLl  6-9321 

9240.5 

13.524 

93.633 

7.92 

1.96 

D 

El 

El 

B 

B 

B 

B 

B 

KBS 

B 

4 

B 

Bill 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

APR16 

FL04 

CL16-9410 

9252.4 

13.577 

94.904 

7.39 

2.02 

El 

El 

El 

B 

roH 

B 

B 

B 

B 

m 

B 

B 

B 

1111 

B 

B 

B 

B 

B 

B 

B 

B 

B 

MAY16 

FL04 

CL16-9486 

9252.6 

13.678 

96.397 

7.83 

1.97 

D 

El 

El 

B 

IBM 

B 

B 

B 

B 

m 

B 

B 

B 

BBil 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 

JUN16 

FL04 

CL16-9638 

9252.9 

13.544 

94.724 

7.53 

1.98 

El 

El 

El 

B 

B 

B 

B 

B 

B 

B 

B 

1145 

B 

B 

B 

B 

B 

B 

B 

B 

B 

JUL15 

NEW 

CL15-8365 

0 

15.448 

111.782 

8.14 

2.17 

El 

El 

El 

B 

Will 

B 

B 

B 

B 

m 

B 

B 

B 

BBI 

B 

B 

B 

B 

IBH 

B 

B 

B 

B 

B 
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A  bar  chart  of  ASTM  D4739  Total  Base  Number  (TBN)  for  each  MacDill  AFB  asset  is  shown  in 
Figure  22  for  the  twelve  month  sampling  period.  The  variation  in  TBN  over  the  period  appears  to 
be  less  than  1.5  mgKOFl/g  for  each  piece  of  equipment,  suggesting  the  lubricant  was  maintaining 
sufficient  reserve  alkalinity.  Again  some  smaller  engine  assets  had  increasing  TBN,  suggesting 
that  sufficient  oil  additions  after  sampling  had  oecurred  to  replenish  the  lubricant  charge.  AC  13 
and  DG25  appear  to  show  the  most  TBN  change  due  to  their  hours  of  operation  during  the  study. 


Cumulative  MacDill  Lubricant  Survey  Total  Base  Number  (ASTM) 


JUL15  AUG15  SEP15  OCT15  NOV15  DEC15  JAN16  FEB16  MAR16  APR16  MAY16  JUN16 


Figure  22.  Asset  ASTM  D4739  Total  Base  Number  for  Study  at  MacDill 
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A  bar  chart  of  ASTM  D5185  analysis  for  the  element  Iron  (Fe)  for  each  MacDill  AFB  asset  is 
shown  in  Figure  23  for  the  twelve  month  sampling  period.  Fe  aceumulation  in  the  lubricant 
signifies  piston  ring  and  liner  wear,  and  cam  and  follower  wear.  Four  of  the  assets  had  Fe 
concentrations  below  15 -ppm  for  the  whole  study.  AC  13  had  accumulations  of  Fe  up  to  47-ppm, 
typically  you  would  like  to  see  100-ppm  Fe  or  less  in  lubricants.  Asset  DG25  had  Fe  accumulations 
to  30-ppm,  well  below  a  150-ppm  limit  set  by  Detroit  Diesel. 


Cumulative  MacDill  Lubricant  Survey  Elemental  Iron  (Fe)  Accumulation 


JUL15  AUG15  SEP15  OCT15  NOV15  DEC15  JAN16  FEB16  MAR16  APR16  MAY16  JUN16 


Figure  23.  Asset  ASTM  D5185  Iron  (Fe)  Wear  Element  for  Study  at  MacDill 


4.5  ASSET  LUBRICANT  CONDITION  -  Portable  Analyzer  Testing 

Table  9  and  Table  10  contains  the  portable  analyzer  data  for  the  JBER  asset  samples  and  includes 
the  average  and  standard  deviation  of  the  three  measurements  taken  for  each  sample.  The 
properties  displayed  in  the  tables  are  the  only  properties  the  QIOOO  IR  analyzer  reports  for  engine 
oils.  The  Anti-Wear  (AW)  Additive  (%)  is  an  estimate  of  remaining  lubricant  life  based  on  the 
fresh  oil,  most  are  80%  or  higher.  The  bubbles  is  a  measure  the  amount  of  air  entrained  in  the 
sample  plaeed  on  the  cell,  a  eheek  of  the  quality  of  the  sample  loaded  onto  the  eell.  Glyeol  checks 
for  coolant  contamination,  none  was  evident.  Oxidation  and  Nitration  checks  for  oil  degradation 
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that  was  minimal.  The  Soot  readings  did  not  show  signifieanee  response  for  any  of  the  samples,  it 
had  been  hoped  to  use  TGA  soot  to  validate  any  exeessive  soot  readings.  Sulfation  shows  slight 
inereases  for  the  two  highest  utilization  pieees  of  equipment,  DG62  and  MG08,  likely  from  fuel 
sulfur  and  eombustion.  TBN  from  the  QIOOO  and  viseosity  from  the  Q3050  will  be  diseussed  later 
with  respeet  to  the  ASTM  results.  Water  appears  to  bounee  around  by  100-200-ppm,  with  the  fresh 
oil  showing  around  500-ppm  alone.  The  last  sample  for  asset  MLPl  before  it  was  turned  in, 
exhibited  a  high  water  reading.  It  should  be  noted  results  from  the  Q3050  portable  viseosity 
instrument  triggered  an  investigation  into  an  ineorreet  ASTM  laboratory  reading  for  viseosity  at 
40  °C  for  the  MARI  6  LU83  sample.  A  rerun  of  the  sample  resulted  in  a  reading  that  followed  the 
trend  data  for  LU83. 

Table  1 1  and  Table  12  are  the  portable  analyzer  data  for  the  MaeDill  AFB  asset  samples  analyzed 
to  date,  and  ineludes  the  average  and  standard  deviation  of  the  three  measurements  taken  for  eaeh 
sample.  The  Anti-Wear  (AW)  Additive  (%)  estimate  of  remaining  lubrieant  life  based  on  the  fresh 
oil  is  80%  or  higher.  The  bubbles  cheeks  the  quality  of  the  sample  loaded  onto  the  cell  for  entrained 
air.  Glycol  checks  for  coolant  contamination,  none  was  evident.  Oxidation  and  Nitration  checks 
for  oil  degradation,  most  were  minimal,  although  AC  13  and  DG25  were  increasing.  The  Soot 
readings  showed  a  response  for  any  of  the  AC  13  samples,  but  TGA  soot  was  not  used  to  validate 
any  soot  readings.  Sulfation  shows  slight  increases  for  the  two  highest  utilization  pieces  of 
equipment,  DG25  and  AC  13,  likely  from  fuel  sulfur  and  combustion.  TBN  from  the  QIOOO  and 
viscosity  from  the  Q3050  will  be  discussed  later  with  respect  to  the  ASTM  results.  Water  appears 
to  bounce  around  by  100-200-ppm,  with  the  fresh  oil  showing  around  580-ppm  alone.  WLOl,  the 
asset  with  the  least  utilization,  showed  the  highest  water  readings,  likely  due  to  the  low  operating 
temperatures  not  driving  off  water. 
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Table  9.  Used  Oil  Analysis  for  JBER  AGE  Assets,  Portable  Analyzer  Results 


Sample 

Period 

ASSET  ID 

Sample  ID 

AW  Additive  (%) 

Bubbles  (Bubbles) 

Glycol  (%) 

Nitration  (abs/O.lmm) 

Oxidation  (abs/O.lmm) 

Soot  (%wt) 

Sulfation  (abs/O.lmm) 

TBN  (mgKOH/g) 

Viscosity  40C  (Cst) 

Water  (ppm) 

StdDev 

cssBia 

StdDev 

B53Ba 

StdDev 

Average 

StdDev 

Average 

StdDev 

MBia 

StdDev 

Average 

StdDev 

StdDev 

StdDev 

BHBia 

StdDev 

JUL15 

CL15-8330 

0.949 

^E^l 

^EES 

-0.040 

9.838 

0.048 

^BE^ 

^EEE 

14.60 

0.07 

8.099 

0.064 

110.67 

4.16 

6.1 

AUG15 

■arcfAM 

CL15-8464 

1.811 

^EEM 

^EE^ 

0.088 

10.020 

0.063 

^eeh 

^EESE 

14.67 

0.03 

8.131 

0.031 

109.00 

1.73 

10.7 

CL15-8567 

0.613 

1.369 

^EE^ 

^EES 

^EEIE 

-0.420 

0.056 

10.077 

0.089 

^EEH 

^EEE 

14.74 

0.06 

^EEE 

■EES 

3.00 

576.1 

0CT15 

NG82 

CL15-8662 

Mi'illT' 

1.420 

1.374 

^EEIS 

^EESi 

-0.508 

0.042 

10.238 

0.024 

^EESE 

^EEIE 

14.85 

0.09 

^EE^ 

■liUlti 

0.58 

2.8 

N0V15 

NG82 

CL15-8820 

Mr|l|r|||- 

1.541 

1.389 

^EEEl 

^EES 

-0.327 

0.184 

10.295 

0.005 

0.000 

0.001 

14.93 

0.03 

^EE!E 

■|||||^^' 

0.58 

473.4 

CL15-8903 

MViTli- 

2.761 

1.335 

^EE^ 

^EEE 

-0.206 

0.116 

^■EE^ 

0.078 

^EESE 

^EEE 

14.61 

0.21 

0.355 

■trnti 

1.15 

5.7 

mmm 

■awdiM 

CL16-9024 

Mimt 

1.429 

1.402 

^EE^ 

^EESI 

-0.136 

0.039 

0.084 

^EEIE 

^EESE 

14.87 

0.09 

^EEE 

Ei-nti 

5.7 

CL16-9173 

^EEEE 

^EE!E 

0.318 

0.185 

0.156 

^EE^ 

^EESE 

14.69 

0.02 

■EES 

0.00 

17.1 

MAR16 

CL16-9284 

1.311 

1.387 

^EESS 

^EEIE 

-0.076 

10.067 

^EEE 

^EEE 

14.77 

0.11 

kee 

0.037 

102.67 

1.15 

573.0 

20.9 

APR16 

■awAM 

CL16-9393 

5.452 

1.225 

0.287 

^EE^ 

^EEIE 

0.312 

0.230 

10.011 

^EES 

^EEIE 

14.27 

mm 

1.562 

99.93 

1.05 

538.7 

22.6 

MAY16 

■aWAM 

CL16-9487 

CL16-9639 

1.397 

^EEIS 

^EESE 

0.262 

0.089 

10.253 

^EESS 

^EEM 

14.76 

0.045 

103.00 

2.00 

720.5 

3.0 

JUN16 

NG82 

1.384 

-0.177 

-0.394 

0.247 

10.359 

0.076 

^eess 

14.80 

0.05 

99.67 

1.15 

481.2 

17.9 

JUL15 

CL15-8327 

1.388 

^E^ 

^BE^ 

^EEIE 

3.206 

^BEE 

^EEE 

14.35 

9.735 

0.103 

2.4 

AUG15 

CL15-8465 

MrllHltl 

1.390 

^EE^ 

^EE!E 

3.060 

10.429 

^EE!E 

^EE^ 

14.41 

9.878 

0.256 

BE 

1.54 

25.4 

SEP15 

■miiw 

CL15-8568 

0.549 

1.372 

^EEE 

^BEE 

^EE^ 

2.770 

0.025 

10.384 

0.076 

^BEE 

^EESl 

14.31 

0.07 

9.763 

0.162 

96.53 

1.68 

687.2 

6.2 

0CT15 

CL15-8663 

M'M'IIT 

1.427 

1.374 

^EEM 

^EES 

2.862 

0.123 

10.460 

0.059 

^EE^ 

^EESE 

14.34 

0.10 

9.867 

0.038 

91.90 

1.42 

662.9 

2.4 

N0V15 

CL15-8821 

Mrll'llMl 

2.706 

1.359 

^EE^ 

^EE^ 

1.953 

0.020 

0.071 

^EESl 

^EESE 

14.37 

0.04 

9.646 

0.059 

103.33 

0.58 

655.5 

15.3 

CL15-8904 

wvmt 

1.367 

^EESS 

^BEE 

^EEE 

1.456 

0.043 

0.024 

^BESE 

^EESE 

14.38 

0.02 

^EEE 

17.36 

10.4 

CL16-9025 

2.404 

1.376 

^EES 

^EE!E 

1.286 

0.019 

^EEIE 

^EESE 

14.36 

0.01 

9.657 

^EES 

^E£E 

5.1 

MT09 

CL16-9174 

1.179 

1.383 

^EEEE 

^EE^ 

1.698 

0.216 

^EESS 

^EEE 

14.30 

0.02 

9.481 

95.57 

^■EE 

19.4 

MAR16 

MT09 

CL16-9285 

^EESl 

^EE^ 

0.107 

0.081 

0.042 

^EEE 

^EEE 

14.42 

7.9 

APR16 

MT09 

CL16-9394 

99.70 

1.328 

^EEtE 

3.932 

0.188 

9.782 

^EE^ 

^EESS 

13.76 

13.1 

MAY16 

MT09 

CL16-9488 

CL16-9640 

97.17 

1.371 

^EESS 

0.347 

0.078 

10.058 

0.019 

^EE^ 

^EESE 

14.42 

0.57 

3.8 

JUN16 

MT09 

^eei 

1.384 

^eees 

^ES!E 

-0.263 

0.248 

10.244 

0.055 

^eess 

14.50 

0.02 

^eese 

1.39 

553.2 

23.8 

JUL15 

CL15-8329 

^E^ 

^EEE 

^EEE 

-0.025 

0.333 

^■ESEE 

^BEE 

^EEE 

14.76 

0.05 

8.418 

0.127 

113.33 

1.53 

672.4 

^KE 

AUG15 

■HCinM 

CL15-8466 

^EEIE 

0.036 

0.106 

^EES! 

^EESE 

15.30 

0.08 

8.193 

0.045 

106.67 

1.53 

499.8 

SEP15 

■HCinM 

CL15-8569 

95.95 

1.282 

1.372 

^EEIE 

^EEE 

-0.314 

0.029 

0.033 

^BEE 

^EEE 

15.51 

0.03 

8.196 

^EEE 

■EES 

0.00 

3.8 

0CT15 

CL15-8664 

96.97 

0.863 

1.377 

^EESl 

-0.095 

^EEIE 

0.153 

^■EEM 

0.006 

^EE^ 

^EESE 

14.78 

0.01 

8.616 

^EE^ 

■tmti 

2.5 

N0V15 

CL15-8822 

96.34 

1.373 

-0.121 

^EE^ 

-1.783 

0.063 

0.022 

^EEE 

^EE!E 

15.05 

0.03 

8.524 

^EE^ 

^EEE 

1.55 

^bie 

DEC15 

DG62 

CL15-8905 

^EEH 

^EEH 

-2.074 

0.139 

10.413 

0.073 

^BESE 

^EESE 

15.10 

0.05 

^EEE 

■ii'nti 

1.53 

^BSB. 

2.3 

JAN16 

CL16-9026 

0.666 

1.365 

^EE^ 

^EEIE 

-1.472 

0.075 

11.014 

0.077 

^EEE 

^EEE 

15.51 

0.15 

8.107 

^EEE 

■-Itlli' 

7.1 

FEB16 

CL16-9175 

2.401 

1.383 

^EE!E 

^EE!E 

-0.921 

0.312 

11.345 

0.166 

^EESS 

^eeh 

15.78 

o 

b 

Ol 

8.073 

^EES 

■iiF'ii-r 

0.58 

10.4 

MAR16 

CL16-9286 

2.809 

1.377 

^EEM 

-0.689 

0.097 

11.821 

0.221 

^EE^ 

^EESE 

16.46 

0.16 

7.530 

0.137 

■ESE 

18.9 

CL16-9395 

1.425 

^E^ 

-0.143 

0.022 

-0.620 

0.216 

12.064 

^BEE 

^EESE 

16.64 

0.02 

7.516 

0.081 

103.00 

0.00 

493.5 

■iTct^a 

CL16-9489 

82.21 

^EESl 

-0.192 

0.015 

-0.637 

0.042 

11.761 

0.024 

0.000 

0.000 

16.42 

0.02 

7.495 

0.039 

100.33 

1.53 

609.4 

3.9 

■iTct^a 

CL16-9641 

81.90 

1.824 

^eese 

-0.199 

0.033 

-0.987 

0.093 

11.856 

16.51 

0.01 

7.313 

0.056 

101.50 
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Table  10.  Used  Oil  Analysis  for  JBER  AGE  Assets,  Portable  Analyzer  Results  Continued 


Sample 

Period 

ASSET  ID 

Sample  ID 

AW  Additive  (%) 

Bubbles  (Bubbles) 

Glycol  (%) 

Nitration  (abs/O.lmm) 

Oxidation  (abs/O.lmm) 

Soot  (%wt) 

Sulfation  (abs/O.lmm) 

TBN  (mgKOH/g) 

Viscosity  40C  (Cst) 

Water  (ppm) 

StdDev 

StdDev 

B53Ba 

StdDev 

Average 

StdDev 

Average 

StdDev 

MBia 

StdDev 

Average 

StdDev 

MBia 

StdDev 

EKjia 

StdDev 

BSSBia 

StdDev 

JUL15 

CL15-8325 

99.25 

1.354 

0.295 

0.083 

10.095 

0.092 

^BESS 

0.003 

14.78 

0.14 

he 

■EES 

2.94 

16.4 

AUG15 

MllhM 

CL15-8467 

1.388 

0.009 

-0.036 

0.257 

0.208 

10.162 

0.043 

^EESE 

0.004 

14.87 

0.07 

MB 

^EE^ 

■|i|-||i'i 

1.00 

11.5 

CL15-8570 

wvnii- 

0.415 

1.390 

0.002 

0.008 

^EE^ 

-0.269 

0.046 

10.317 

0.041 

^EEQ! 

^BEE 

14.92 

0.02 

^EEE 

1.00 

928.8 

7.0 

■llhf 

CL15-8665 

^|||'||||^ 

1.002 

1.383 

-0.255 

0.038 

10.402 

0.024 

^EESS 

^EE!E 

14.92 

0.04 

■iimti 

0.58 

961.7 

4.0 

NOV15 

■BSM 

CL15-8823 

0.944 

1.383 

^EEE 

-0.553 

0.209 

0.023 

^EEIE 

^EEE 

15.09 

0.09 

8.673 

^EEE 

0.30 

15.6 

DEC15 

msm 

CL15-8906 

2.581 

1.356 

2.574 

0.208 

9.860 

0.071 

^EEM 

^EESS 

13.92 

0.05 

9.834 

1.15 

5.7 

mam 

CL16-9027 

Mrll'fll 

1.334 

1.360 

0.013 

-0.032 

2.596 

0.068 

9.994 

0.026 

^EESS 

14.03 

0.03 

9.996 

^EEM 

2.08 

3.2 

FEB16 

LU83 

CL16-9176 

M'V'iiy 

0.685 

^EESS 

^EESE 

2.612 

0.137 

10.076 

^BE^ 

^EEE 

14.08 

0.07 

0.052 

2.08 

6.8 

MAR16 

LU83 

CL16-92S7 

1.314 

1.356 

^EIES 

2.554 

0.043 

10.350 

0.015 

^EEIE 

^EEP 

14.11 

0.02 

0.119 

■itH'i' 

1.00 

597.3 

20.7 

APR16 

LU83 

CL16-9396 

2.621 

1.353 

1.744 

0.164 

10.265 

0.123 

^EESE 

14.25 

0.05 

^EESS 

0.168 

20.1 

MAY16 

CL16-9490 

CL16-9642 

1.946 

1.374 

-0.133 

^EESS 

1.876 

0.035 

10.273 

0.053 

^BEIE 

^EEE 

14.25 

^EEE 

^EEE 

101.33 

1.53 

3.7 

JUN16 

0.822 

1.369 

-0.091 

^eeie 

1.553 

0.042 

10.285 

0.042 

^ebs 

14.20 

^EBb 

100.73 

1.97 

JUL15 

MLPl 

CL15-S326 

1.391 

^EEIE 

3.777 

0.099 

10.600 

0.051 

^EESE 

^EEE 

14.49 

0.03 

9.721 

^EEE 

2.31 

661.9 

^■1 

AUG15 

MLPl 

CL15-S468 

^EZSE! 

1.384 

-0.132 

^EE^ 

3.378 

0.042 

10.542 

0.036 

^BEE 

^EEE 

14.51 

0.023 

99.53 

SEP15 

MLPl 

CL15-S571 

MMUt 

1.370 

-0.077 

3.327 

0.132 

0.051 

^EE^ 

^EEIE 

14.65 

0.116 

100.90 

9.0 

OCT15 

MLPl 

CL15-8666 

MrllHltl 

1.377 

2.522 

0.171 

0.044 

0.017 

14.67 

0.005 

99.33 

1.88 

3.7 

NOV  15 

MLPl 

CL15-SS24 

^EEEI! 

1.368 

^EEEE! 

^BBS 

^EES 

2.168 

0.108 

^EEE 

^EEE 

14.70 

0.21 

9.424 

0.62 

^^SE 

21.8 

DEC15 

MLPl 

CL15-8907 

MillH- 

1.384 

^EEH 

^EK 

1.845 

10.621 

0.106 

^EES 

^EESD 

14.71 

0.10 

9.551 

0.184 

■iiiin-r 

1.47 

^El^ 

8.6 

JAN16 

MLPl 

CL16-902S 

1.391 

^EESS 

2.023 

0.038 

10.791 

0.126 

^eeh 

^EE^ 

14.78 

0.25 

9.403 

0.226 

■ESES 

1.44 

■Htll' 

23.2 

FEB16 

MLP4 

CL16-9177 

99.89 

^EBE 

1.374 

^EEE 

^EES 

-1.288 

1.665 

9.834 

0.085 

^BEE 

^EEE 

14.55 

0.26 

0.339 

■EES 

1.73 

48.3 

MAR16 

MLP4 

CL16-928S 

97.07 

1.372 

^EE^ 

-1.771 

0.070 

9.822 

0.030 

^EEE 

^EESS 

14.62 

0.03 

0.027 

■|i|-^h' 

1.15 

5.3 

APR16 

MLP4 

CL16-9397 

1.357 

^EES 

^EESS 

-1.615 

0.081 

9.811 

0.054 

^EES& 

^EEE 

14.56 

0.02 

^EEE 

■iimt' 

1.58 

612.7 

3.0 

MAY16 

MLP4 

CL16-9491 

1.640 

1.366 

^EE^ 

-1.885 

0.079 

0.028 

-0.014 

^BEE 

14.58 

0.05 

8.560 

^EEE 

■  1i-||-h 

1.27 

3.9 

JUN16 

MLP4 

CL16-9643 

1.641 

1.369 

-2.298 

0.104 

0.072 

0.029 

^ebs 

14.63 

0.07 

8.309 

47.8 

JUL15 

MG08 

CL15-832S 

97.12 

1.115 

1.387 

0.004 

^BEE 

^EESS 

1.905 

^BEE 

^EEE 

15.08 

0.04 

^EEE 

92.73 

0.81 

540.2 

18.2 

AUG15 

MG08 

CL15-8469 

93.00 

^EESS 

^EEIE 

1.812 

11.074 

^EEIE 

^EESl 

15.33 

0.08 

^EEE 

90.57 

1.10 

470.1 

25.5 

SEP15 

MGOS 

CL15-8572 

95.95 

2.372 

1.382 

0.009 

-0.089 

^EE^ 

0.809 

11.336 

0.075 

^EE!E 

^EEM 

15.61 

0.10 

^EEM 

92.03 

1.04 

500.0 

7.3 

OCT15 

MG08 

CL15-8667 

93.97 

1.144 

1.380 

0.004 

-0.129 

^EEIE 

0.771 

0.186 

11.279 

0.028 

^BEE 

^EEE 

15.53 

0.02 

8.379 

^EEE 

1.47 

1.0 

NOV  15 

MGOS 

CL15-8825 

96.83 

1.381 

^EESS 

^BSE 

^EE^ 

0.543 

0.051 

11.219 

0.007 

^EEIE 

^EESE 

15.58 

0.01 

8.445 

^EES 

96.17 

1.05 

480.9 

4.1 

DEC15 

MGOS 

CL15-890S 

94.55 

1.375 

^EE!E 

CO 

CO 

o 

d 

0.101 

11.510 

0.033 

^EEH 

^EESl 

16.05 

0.06 

8.270 

^EE^ 

5.25 

422.7 

JAN16 

MGOS 

CL16-9029 

1.386 

-0.106 

^EEE 

-0.350 

0.075 

11.520 

0.039 

^BEE 

^EEE 

16.05 

0.06 

8.188 

^EE^ 

0.95 

5.8 

FEB16 

MGOS 

CL16-917S 

1.094 

1.383 

-0.154 

^EEIE 

0.057 

0.066 

11.429 

0.031 

^EEIE 

^EESS 

15.92 

0.04 

8.129 

^EES 

0.26 

13.6 

MAR16 

MGOS 

CL16-92S9 

1.356 

1.375 

-0.143 

^EE^ 

0.319 

0.110 

11.685 

0.037 

^EESS 

^EESE 

16.14 

0.03 

7.987 

^EEM 

1.23 

9.2 

CL16-9398 

1.441 

1.365 

0.007 

-0.174 

0.024 

0.091 

0.091 

11.605 

m 

CO 

o 

d 

^EEE 

^EEE 

16.12 

0.08 

7.911 

0.031 

88.17 

0.74 

467.3 

28.1 

CL16-9492 

88.42 

1.480 

1.318 

0.062 

-0.148 

0.066 

0.002 

0.158 

11.403 

0.137 

^EESS 

^EESS 

15.92 

0.21 

7.502 

0.456 

87.70 

0.61 

496.9 

1.4 

CL16-9644 

88.27 

1.461 

1.344 

0.039 

-0.225 

0.023 

-0.507 

0.189 

11.632 

0.045 

^ebs 

16.15 

0.04 

7.610 

0.117 

88.47 

1.79 

452.5 

39.1 

JUL15 

NEW 

CL15-8324 

2.490 

1.379 

^EEE 

-0.345 

0.179 

0.014 

^BEE 

^EEE 

14.66 

0.04 

8.396 

0.082 

120.33 

2.89 

545.9 

2.1 

AUG15 

NEW 

CL15-8463 

2.531 

1.375 

^EES 

-2.640 

0.395 

0.264 

^EEE 

^EESl 

14.53 

0.12 

0.079 

109.00 

2.00 

510.8 

27.7 

FEB16 

15W40 

CL16-9172 

1.377 

0.005 

-0.148 

0.034 

-2.083 

0.096 

9.807 

0.166 

^eee 

14.68 

0.05 

0.113 

107.33 

1.53 
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Table  11.  Used  Oil  Analysis  for  MacDill  AFB  AGE  Assets,  Portable  Analyzer  Results 


Sample  Period 

ASSET  ID 

Sample  ID 

AW  Additive  {%) 

Bubbles  (Bubbles) 

Glycol  {%) 

Nitration  (abs/O.lmm) 

Oxidation  (abs/O.lmm) 

Soot  (%wt) 

Sulfation  (abs/O.lmm) 

TBN  (mgKOH/g) 

Viscosity  40C  (Cst) 

Water  (ppm) 

StdDev 

ESEBia 

BBEBia 

StdDev 

StdDev 

StdDev 

StdDev 

StdDev 

StdDev 

StdDev 

BEESia 

StdDev 

JUL15 

HT06 

MEEM 

BiEiltf 

0.1247 

0.2223 

10.57 

0.03 

MEiVll 

MEiEM 

14.92 

0.05 

8.10 

0.05 

97.27 

3.20 

MHEM 

8.2 

AUG15 

HT06 

■iWfcM 

0.1314 

0.0725 

10.55 

0.12 

■iWM 

14.91 

0.10 

8.13 

0.02 

94.70 

1.97 

15.1 

SEP15 

HT06 

■SI 

■ifiliM 

■ES 

-0.1882 

0.0763 

10.83 

0.14 

EES 

15.17 

0.16 

8.10 

0.14 

93.73 

3.43 

MMB 

18.7 

0CT15 

HT06 

0.611 

0.1888 

0.0917 

10.00 

0.02 

MEiEM 

14.84 

0.02 

8.50 

0.01 

MiMM 

0.00 

10.4 

N0V15 

HT06 

1.378 

■ifiliM 

-0.1386 

0.1165 

10.19 

0.17 

■ifiliM 

14.85 

0.20 

8.42 

0.22 

95.77 

0.72 

■.-ytefcM 

27.1 

DEC15 

HT06 

mU'JUrM 

1.364 

■ifiliM 

-0.0489 

0.0359 

10.17 

0.03 

■iWiM 

14.80 

0.04 

8.42 

0.10 

95.90 

0.70 

3.1 

JAN16 

HT06 

■SI 

ESI 

■iliVilil 

0.2467 

0.1528 

10.27 

0.05 

■iwiya 

14.83 

0.03 

8.20 

0.02 

96.50 

0.46 

7.9 

FEB16 

HT06 

CL16-9192 

1.365 

BiElil-IJ 

0.2826 

0.0975 

10.10 

0.01 

EES 

14.72 

0.05 

8.16 

BEEH 

95.33 

0.49 

9.0 

MAR  16 

HT06 

CL16-9316 

■ibW 

0.4767 

0.0839 

10.22 

0.16 

MEitlil 

■ifiliM 

14.78 

0.04 

8.12 

BEEH 

95.40 

0.50 

14.5 

APR16 

HT06 

CL16-9405 

■ItW 

0.5159 

0.1523 

10.31 

0.10 

■ifiTiM 

■iMiW 

14.74 

0.07 

7.96 

BE^I 

93.30 

1.93 

M:yj:E!B 

29.7 

MAY16 

CL16-9481 

0.000 

■ilfcVAl 

■ifiyiiiM 

0.6838 

0.0427 

10.22 

0.06 

EES 

■iMiW 

14.75 

0.06 

8.07 

93.20 

2.17 

8.4 

JUN16 

CL16-9633 

■SI 

■iHiM 

■iTiTif 

E!^ 

■ES 

0.6770 

0.1631 

10.47 

0.07 

14.91 

0.03 

8.05 

beb 

89.33 

0.25 

716.2 

16.6 

JUL15 

AC13 

CL15-8367 

1.313 

MEEEB 

MEiEM 

0.1856 

12.96 

0.05 

MiEiEW 

18.50 

0.05 

6.21 

0.09 

MBEliM 

2.65 

MIMB 

27.9 

AUG15 

AC13 

CL15-8478 

1.599 

■ililiW 

■ifiyMB 

0.1464 

13.44 

0.14 

■iWiW 

19.24 

0.09 

5.68 

0.01 

101.33 

1.15 

MHEM 

33.4 

SEP15 

AC13 

CL15-8593 

■ililiM 

■i»iyi:lil 

0.0506 

13.43 

0.09 

■iWfcM 

■iIiW 

19.12 

0.11 

5.89 

0.03 

MBMM 

0.58 

M:):TJM 

2.0 

0CT15 

AC13 

CL15-8693 

■RiiM 

■iWiW 

■ES 

0.1274 

13.57 

0.01 

Esa 

■iWiM 

19.31 

0.02 

5.89 

0.03 

101.00 

1.00 

10.0 

NOV  15 

AC13 

CL15-8804 

1.6222 

0.1023 

13.29 

0.12 

EBa 

Mit/AU 

18.99 

0.08 

5.97 

0.10 

104.67 

1.53 

MiElM 

14.9 

DEC15 

AC13 

CL15-8898 

■RkM 

■ifililiM 

■iWWl 

1.7619 

0.0164 

13.18 

0.03 

BiHM 

18.99 

0.06 

6.00 

0.11 

101.50 

1.80 

^MIM 

15.8 

JAN16 

AC13 

CL16-9050 

■:1:M 

mmim 

■iWJlil 

■i»iiiyi.-M 

2.2284 

0.1327 

12.89 

0.19 

■illif 

■ifiTiM 

18.55 

0.12 

5.83 

MilM 

101.60 

2.62 

MEBM 

15.3 

FEB16 

AC13 

CL16-9193 

■RkI.-fl 

■lEBiB 

■•iiiin 

ESI 

2.2419 

0.0646 

13.05 

0.05 

BilS 

EES 

18.89 

0.05 

5.59 

102.33 

0.58 

MEEBM 

6.1 

MAR16 

AC13 

CL16-9317 

■ililiM 

2.4522 

0.2364 

13.09 

0.13 

MEAM 

18.97 

0.09 

5.41 

0.16 

0.67 

4.7 

APR16 

AC13 

CL16-9406 

2.117 

■ililiM 

MiKASrM 

2.2622 

0.1392 

13.24 

0.05 

■iWliW 

■ifililiM 

19.11 

0.04 

5.51 

0.06 

1.15 

9.1 

MAY16 

AC13 

CL16-9482 

1.460 

2.5519 

0.0452 

13.02 

0.03 

■iWM 

■ililiy 

18.77 

0.08 

5.61 

0.07 

1.53 

9.1 

JUN16 

AC13 

CL16-9634 

KEE9 

ESI 

2.3774 

0.1500 

13.61 

0.04 

19.37 

0.10 

5.24 

0.04 

1.15 

34.2 

JUL15 

WLOl 

CL15-8368 

HEM 

HEM 

MIAVM 

0.2291 

10.27 

0.04 

MEiVtl 

■eb 

15.09 

0.03 

8.62 

0.01 

1.69 

10.1 

AUG15 

WLOl 

CL15-8479 

HEM 

1.382 

MEiEM 

giWMl 

0.0708 

10.34 

0.02 

MEiliM 

15.07 

0.03 

8.70 

0.02 

93.77 

3.12 

MBEiB 

8.6 

SEP15 

WLOl 

CL15-8594 

mmm 

MEiEM 

HEM 

MfiliM 

■iWWil 

■ifiWiTil 

0.0480 

10.64 

0.09 

EES 

15.16 

0.33 

8.49 

0.63 

90.70 

1.85 

MEEM 

11.1 

0CT15 

WLOl 

CL15-8694 

HEM 

HEM 

MWM 

0.0885 

10.34 

0.06 

EES 

15.12 

0.06 

8.54 

0.27 

90.57 

0.21 

a^iS 

3.8 

N0V15 

WLOl 

CL15-8805 

MIEM 

HEM 

MfiEM 

giEiyy^i 

■lEilliM 

0.0983 

10.29 

0.12 

HHIIIIM 

■iWM 

15.08 

0.12 

8.76 

0.19 

a^^a 

1.15 

MEBM 

23.9 

DEC15 

WLOl 

CL15-8899 

HSEM 

H^B 

MfiEM 

■iIliEiil 

■ifiiMB 

0.1275 

10.17 

0.04 

■iMM 

■ifiliM 

15.07 

0.04 

8.81 

0.02 

91.43 

0.49 

MEHM 

6.7 

JAN16 

WLOl 

CL16-9051 

■ESS 

MEEM 

MEcEM 

MEiEM 

■iiiaei 

■ififcTiM 

0.1456 

10.28 

0.04 

■iWM 

15.03 

0.06 

8.59 

0.07 

92.53 

MiEM 

73.1 

FEB16 

WLOl 

CL16-9194 

1.022 

MEcEM 

MEBM 

0.0830 

10.03 

0.10 

MiEAM 

14.78 

0.10 

8.34 

0.22 

92.20 

1.65 

^E^l 

7.3 

MAR16 

WLOl 

CL16-9318 

MliliM 

MEEiM 

MEiltM 

ESI 

ESI 

0.0557 

10.03 

0.04 

MEitEB 

14.88 

0.08 

8.46 

0.13 

93.47 

0.31 

MAVJM 

5.8 

APR16 

WLOl 

1.176 

MIEEM 

MEiEM 

1.0798 

10.24 

0.12 

14.93 

0.03 

8.50 

0.05 

95.30 

1.32 

20.1 

MAY16 

HIM 

HEM 

MEiEM 

■iHliM 

■i»iyw 

10.18 

0.06 

■iIilM 

14.92 

0.07 

8.46 

91.20 

0.61 

16.5 

JUN16 

EES 

10.20 

0.16 

14.92 

0.05 

8.41 

0.03 

90.37 

1.83 

21.6 
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Table  12,  Used  Oil  Analysis  for  MacDill  AFB  AGE  Assets,  Portable  Analyzer  Results  Continued 


Sample  Period 

ASSET  ID 

Sample  ID 

AW  Additive  {%) 

Bubbles  (Bubbles) 

Glycol  {%) 

Nitration  (abs/O.lmm) 

Oxidation  (abs/O.lmm) 

Soot  (%wt) 

Sulfation  (abs/O.lmm) 

TBN  (mgKOH/g) 

Viscosity  40C  (Cst) 

Water  (ppm) 

StdDev 

E53B!a 

BBEBia 

StdDev 

StdDev 

StdDev 

UlMiJiU 

StdDev 

StdDev 

StdDev 

StdDev 

CHgBia 

StdDev 

JUL15 

DG25 

CL15-8369 

MiMM 

ME^B 

0.014 

0.1900 

0.1709 

10.77 

0.09 

MBtEB 

BJAVB 

15.27 

0.09 

8.15 

0.51 

92.33 

2.41 

14.9 

AUG15 

DG25 

CL15-8480 

■fctM 

BXIiliB 

MHiiaaw 

0.2535 

0.2285 

11.18 

0.06 

15.59 

0.08 

7.63 

0.02 

88.33 

0.76 

BjfcliB 

8.5 

SEP15 

DG25 

CL15-8595 

■iSWiW 

1.414 

mtmm 

MitMm 

■iIiifcM 

-0.0365 

0.0570 

11.53 

0.07 

15.91 

0.05 

7.49 

0.14 

85.33 

2.75 

3.2 

0CT15 

DG25 

CL15-8695 

1.389 

BiEiJkB 

EES 

EES 

0.2582 

0.1277 

11.71 

0.12 

EES 

Bili»a 

16.14 

0.19 

7.50 

0.12 

86.03 

1.58 

ES 

7.9 

NOV15 

DG25 

CL15-8806 

1.389 

BiMM 

Bxm-B 

0.4702 

0.2013 

12.03 

0.24 

■iIiltiB 

16.30 

0.12 

7.47 

0.10 

MiHEM 

1.15 

29.1 

DEC15 

DG25 

CL15-8900 

■ililiSW 

1.381 

gi»iy;in 

0.1004 

0.1050 

11.53 

0.54 

EES 

15.94 

0.45 

7.69 

0.28 

85.47 

0.93 

9.3 

JAN16 

DG25 

CL16-9052 

1.154 

1.378 

■iIiMiM 

0.7490 

0.0512 

11.76 

0.15 

BilitM 

16.06 

0.07 

7.26 

MiW 

0.93 

MEM 

5.1 

FEB16 

DG25 

CL16-9195 

MEEM 

■iIiiiM 

0.5851 

0.1537 

11.69 

0.04 

maiiym 

16.07 

0.04 

7.22 

86.97 

0.12 

ES 

3.7 

MAR  16 

DG25 

CL16-9319 

1.384 

BiEililifl 

EES 

0.8436 

0.1002 

11.87 

0.05 

0.041 

0.006 

16.23 

0.05 

7.16 

MiliM 

85.60 

645.5 

7.9 

APR16 

DG25 

CL16-9408 

■:liW 

MEEB 

■ifitfcM 

MEBiM 

0.0772 

12.03 

0.25 

BXHiB 

BiWIiB 

16.27 

0.37 

6.79 

■igEM 

86.40 

0.26 

698.7 

15.0 

MAY16 

DG25 

CL16-9484 

■iWM 

0.2375 

12.16 

0.04 

■iIiW 

16.49 

0.03 

6.99 

86.90 

2.04 

M^M 

27.1 

JUN16 

DG25 

CL16-9636 

EES 

0.0905 

12.39 

0.05 

16.75 

0.01 

6.82 

■isa 

89.63 

1.07 

11.1 

JUL15 

SG02 

CL15-8370 

1.642 

MEEEB 

BiBliEB 

0.3525 

0.2591 

10.73 

0.14 

BifiMiB 

15.24 

0.08 

7.88 

f 

102.67 

■aBM 

5.2 

AUG15 

CL15-8481 

1.967 

M^a 

BilMB 

EES 

0.3779 

0.1331 

10.91 

0.09 

EES 

15.35 

0.20 

7.51 

0.18 

100.63 

14.3 

SEP15 

SG02 

CL15-8596 

BiHW 

BiIiliM 

0.1744 

0.0803 

11.25 

0.03 

BiliiiM 

15.67 

0.07 

7.82 

0.01 

98.87 

0.81 

2.3 

0CT15 

SG02 

CL15-8696 

1.705 

■iMiW 

■ilMM 

0.2358 

0.0367 

11.02 

0.07 

Mi»iW 

15.51 

0.12 

7.72 

0.20 

98.60 

2.95 

1.8 

NOV  15 

SG02 

CL15-8807 

■ilifcw 

■fcW 

■ifiifcM 

■ilWiil 

-0.0520 

0.1702 

11.40 

0.20 

EES 

■ifiTiM 

15.81 

0.17 

7.64 

0.08 

MiHEM 

1.53 

ESI 

17.0 

DEC15 

SG02 

CL15-8901 

■fcwa 

■ililiM 

EES 

BiEiHiVB 

0.1036 

11.25 

0.04 

EES 

15.74 

0.06 

7.55 

0.14 

98.57 

1.14 

e^b 

12.3 

JAN16 

CL16-9053 

mtesFM 

0.5665 

0.1284 

11.29 

0.04 

HililikB 

BiffiW 

15.71 

0.04 

7.30 

0.01 

99.03 

2.59 

MESBB 

3.2 

FEB16 

SG02 

CL16-9196 

■ililiM 

■ilBiM 

■iiiwa 

0.4374 

0.0716 

11.07 

0.05 

15.56 

0.01 

7.37 

0.03 

Mi!igM 

1.40 

MMB 

5.3 

MAR16 

SG02 

CL16-9320 

■tkei-w 

■fctM 

MihiyirM 

0.7517 

0.0317 

11.31 

0.06 

BiBHiB 

■ilrtya 

15.66 

0.15 

7.17 

0.17 

99.97 

0.93 

MSHEB 

8.2 

APR16 

CL16-9409 

1.387 

■iWM 

giieyyj 

0.8382 

0.0739 

11.63 

0.06 

EES 

15.96 

0.05 

7.16 

0.03 

98.83 

0.84 

MEM 

9.5 

MAY16 

CL16-9485 

1.374 

0.015 

EE^ 

EES 

0.6224 

0.1649 

11.48 

0.02 

EES 

15.93 

0.07 

7.07 

0.07 

97.73 

2.03 

MEBEB 

1.8 

JUN16 

SG02 

MEEB 

BiBEM 

MEtBiB 

11.74 

0.04 

HiliktH 

BiBliM 

16.14 

0.04 

6.87 

0.07 

MiBEM 

1.81 

515.2 

34.0 

JUL15 

FL04 

CL15-8371 

WigEM 

1.387 

MEEM 

0.4923 

0.1521 

10.26 

0.01 

BilililtB 

14.92 

0.04 

8.30 

0.03 

98.00 

3.89 

810.9 

2.6 

AUG15 

FL04 

CL15-8482 

■iliBUM 

WiEliM 

MEEM 

MBtBB 

0.4854 

0.1927 

10.38 

0.04 

■ililiW 

15.01 

0.02 

8.29 

0.03 

95.37 

1.90 

MEEM 

9.1 

SEP15 

FL04 

CL15-8597 

■iiiBM 

WililiM 

MEEM 

MEEM 

0.1060 

0.0129 

10.46 

0.03 

■iWM 

■ifiliM 

15.14 

0.00 

8.33 

0.05 

94.83 

2.29 

5.3 

OCT15 

FL04 

CL15-8697 

mmm 

MEM 

MEEM 

BifittB 

ESI 

0.2821 

0.0611 

10.42 

0.04 

EES 

15.12 

0.09 

8.23 

0.21 

95.63 

MMB 

1.5 

NOV  15 

FL04 

CL15-8808 

winsii 

MKISM 

MEEM 

MEEM 

BiBEM 

0.2004 

0.0572 

10.50 

0.02 

EES 

15.18 

0.03 

8.38 

93.37 

1.01 

27.0 

DEC15 

FL04 

CL15-8902 

MEM 

MEEM 

BXtVB 

sniMsa 

0.1441 

10.29 

0.18 

0.001 

0.001 

14.93 

0.42 

7.96 

92.97 

ME5BB 

EEfl 

JAN16 

FL04 

CL16-9054 

MJtiM 

1.152 

MEEB 

BiEittB 

■IIIBBtll 

0.0447 

10.26 

0.12 

BiB!i5B 

14.99 

0.11 

8.13 

94.57 

1.80 

4.8 

FEB16 

FL04 

CL16-9197 

1.255 

MEEM 

MEEM 

■ililiWiB 

0.0212 

10.17 

0.02 

EES 

14.85 

0.02 

8.10 

96.13 

0.74 

MSEHM 

2.0 

MAR16 

FL04 

CL16-9321 

M.L-l.LM 

1.985 

MEEB 

MEtM 

BIIMI 

EES 

0.1356 

10.48 

0.14 

BiBliEB 

■ifiTif 

15.22 

0.03 

7.91 

95.23 

2.29 

636.9 

e^b 

APR16 

FL04 

CL16-9410 

MEM 

MBEB 

MEEM 

BiMW 

0.5081 

0.0789 

10.44 

0.03 

BiIiliM 

EES 

15.25 

0.00 

7.82 

0.08 

94.37 

0.40 

MMB 

18.2 

MAY16 

FL04 

CL16-9486 

MESM 

MEEM 

0.011 

0.6998 

0.1171 

10.40 

0.01 

■iWif 

EES 

15.16 

0.06 

7.80 

0.06 

95.70 

1.28 

5.1 

JUN16 

FL04 

CL16-9638 

EES 

0.5861 

0.0298 

10.33 

0.01 

15.09 

0.03 

7.76 

0.12 

96.03 

1.15 

28.4 

JUL15 

NEW 

CL15-8365 

EES 

0.2056 

0.2572 

9.90 

0.06 

14.58 

0.04 

8.37 

0.02 

2.38 

8.3 
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4,6  ASSET  LUBRICANT  CONDITION  -  Portable  Analyzer  and  Laboratory 
Testing  Comparison 

For  the  JBER  assets  Table  13  and  Table  14  eompare  the  ASTM  method  data  with  the  portable 
analyzer  data  for  the  viseosity  at  40  °C  and  the  Total  Base  Number  (TBN).  Included  in  the  tables 
are  the  averages  and  standard  deviations  of  the  three  readings  from  the  portable  analyzers.  An 
estimate  of  repeatability,  r,  and  Reproducibility,  R,  are  included  in  the  tables  as  defined  by  a  draft 
technical  specification  for  Expeditionary  Eluid  Assessment  Capability  (EEAC)  devices. (1)  The 
instrument  repeatability,  r,  and  Reproducibility,  R,  are  defined  as  follows: 
r/R=Cl+C2*XC^ 

Where: 


Parameter 

Specification 

Cl 

C2 

C3 

Viscosity  at  40  °C 

r 

1 

0.08 

1 

R 

1 

0.1 

1 

Total  Base 
Number 

r 

0.5 

0.1 

1 

R 

2 

0.2 

1 

Repeatability,  r:  X=average  of  readings  from  same  instrument 
Reproducibility,  R:  X=average  between  instrument  average  and  lab  result 

The  portable  unit  appears  to  over-predict  TBN  by  1-1.5  numbers  for  JBER  assets  that  would  only 
be  an  issue  if  the  oil  was  deteriorating  quickly  due  to  high  usage.  However  equipment  usage  and 
oil  deterioration  is  low.  Viscosity  results  appear  to  trend  well  between  the  portable  analyzers  and 
the  laboratory  tests. 

The  laboratory  and  portable  analyzer  data  are  plotted  for  three  JBER  assets,  two  high  use  (MG08, 
DG62)  and  the  least  used  (MT09).  The  plots  are  for  viscosity  and  TBN,  and  include  the 
repeatability  and  reproducibility  extents.  Eigure  24  shows  the  results  for  the  TBN  for  MG08  from 
the  portable  instrument  and  the  laboratory,  with  the  portable  instrument  results  falling  within  the 
repeatability  and  reproducibility  tolerance.  The  units  for  repeatability  and  reproducibility  in  the 
figures  are  either  cSt  for  the  viscosity  or  mgKOH/g  for  the  base  number. 
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Table  13.  Comparison  of  ASTM  and  Portable  Analyzer  Results  for  Viscosity  and  TBN  for  JBER  Assets 


Sample 

Period 

ASSET  ID 

Sample  ID 

TBN  (mgKOH/g) 

Viscosity  40C  (Cst) 

D4739 

Average 

StdDev 

r 

R 

D445 

Average 

StdDev 

r 

R 

JULIB 

NG82 

CL15-8330 

7.92 

8.10 

0.06 

1.31 

3.60 

109.31 

110.67 

4.16 

9.85 

12.00 

AUG  15 

NG82 

CL15-8464 

7.90 

8.13 

0.03 

1.31 

3.60 

108.40 

109.00 

1.73 

9.72 

11.87 

SEP15 

NG82 

CL15-8567 

7.75 

8.12 

0.08 

1.31 

3.59 

106.95 

107.00 

3.00 

9.56 

11.70 

OCT15 

NG82 

CL15-8662 

7.76 

8.17 

0.06 

1.32 

3.59 

105.66 

101.67 

0.58 

9.13 

11.37 

NOVIB 

NG82 

CL15-8820 

8.06 

8.35 

0.04 

1.33 

3.64 

105.31 

100.33 

0.58 

9.03 

11.28 

DEC15 

NG82 

CL15-8903 

7.72 

8.19 

0.35 

1.32 

3.59 

103.70 

104.67 

1.15 

9.37 

11.42 

JAN  16 

NG82 

CL16-9024 

7.66 

8.43 

0.02 

1.34 

3.61 

105.48 

104.67 

1.53 

9.37 

11.51 

FEB16 

NG82 

CL16-9173 

7.87 

8.23 

0.05 

1.32 

3.61 

102.88 

101.00 

0.00 

9.08 

11.19 

MAR16 

NG82 

CL16-9284 

7.69 

8.15 

0.04 

1.31 

3.58 

101.54 

102.67 

1.15 

9.21 

11.21 

APR16 

NG82 

CL16-9393 

7.95 

7.22 

1.56 

1.22 

3.52 

101.81 

99.93 

1.05 

8.99 

11.09 

MAY16 

NG82 

CL16-9487 

8.05 

8.17 

0.04 

1.32 

3.62 

102.04 

103.00 

2.00 

9.24 

11.25 

JUN16 

NG82 

CL16-9639 

7.72 

8.02 

0.15 

1.30 

3.57 

101.86 

99.67 

1.15 

8.97 

11.08 

JUL15 

MT09 

CL15-8327 

8.55 

9.74 

0.10 

1.47 

3.83 

94.09 

96.33 

2.53 

8.71 

10.52 

AUG  15 

MT09 

CL15-8465 

8.45 

9.88 

0.26 

1.49 

3.83 

94.20 

93.17 

1.54 

8.45 

10.37 

SEP15 

MT09 

CL15-8568 

8.50 

9.76 

0.16 

1.48 

3.83 

93.09 

96.53 

1.68 

8.72 

10.48 

OCT15 

MT09 

CL15-8663 

8.63 

9.87 

0.04 

1.49 

3.85 

93.92 

91.90 

1.42 

8.35 

10.29 

NOV15 

MT09 

CL15-8821 

8.71 

9.65 

0.06 

1.46 

3.84 

95.28 

103.33 

0.58 

9.27 

10.93 

DEC15 

MT09 

CL15-8904 

8.59 

9.67 

0.07 

1.47 

3.83 

93.54 

84.10 

17.36 

7.73 

9.88 

JAN  16 

MT09 

CL16-9025 

8.44 

9.66 

0.04 

1.47 

3.81 

94.38 

94.70 

0.95 

8.58 

10.45 

FEB16 

MT09 

CL16-9174 

8.29 

9.48 

0.05 

1.45 

3.78 

95.36 

95.57 

1.06 

8.65 

10.55 

MAR16 

MT09 

CL16-9285 

8.44 

9.07 

0.04 

1.41 

3.75 

101.13 

102.67 

1.53 

9.21 

11.19 

APR16 

MT09 

CL16-9394 

9.19 

9.67 

0.47 

1.47 

3.89 

97.87 

97.27 

1.80 

8.78 

10.76 

MAY16 

MT09 

CL16-9488 

8.56 

9.05 

0.09 

1.40 

3.76 

98.05 

96.53 

0.57 

8.72 

10.73 

JUN16 

MT09 

CL16-9640 

8.56 

9.00 

0.07 

1.40 

3.76 

100.14 

98.40 

1.39 

8.87 

10.93 

JULIB 

DG62 

CL15-8329 

8.21 

8.42 

0.13 

1.34 

3.66 

110.92 

113.33 

1.53 

10.07 

12.21 

AUG  15 

DG62 

CL15-8466 

7.63 

8.19 

0.04 

1.32 

3.58 

106.00 

106.67 

1.53 

9.53 

11.63 

SEP15 

DG62 

CL15-8569 

7.70 

8.20 

0.06 

1.32 

3.59 

105.42 

105.00 

0.00 

9.40 

11.52 

OCTIB 

DG62 

CL15-8664 

7.92 

8.62 

0.02 

1.36 

3.65 

107.62 

105.67 

1.53 

9.45 

11.66 

NOVIB 

DG62 

CL15-8822 

7.87 

8.52 

0.07 

1.35 

3.64 

105.42 

94.07 

l.BB 

8.53 

10.97 

DECIB 

DG62 

CL15-8905 

7.85 

8.64 

0.09 

1.36 

3.65 

104.65 

104.67 

1.53 

9.37 

11.47 

JAN16 

DG62 

CL16-9026 

7.24 

8.11 

0.09 

1.31 

3.53 

103.44 

103.00 

1.73 

9.24 

11.32 

FEB16 

DG62 

CL16-9175 

7.26 

8.07 

0.08 

1.31 

3.53 

102.29 

104.33 

0.58 

9.35 

11.33 

MAR16 

DG62 

CL16-9286 

6.73 

7.53 

0.14 

1.25 

3.43 

101.70 

100.60 

2.16 

9.05 

11.12 

APR16 

DG62 

CL16-939B 

7.31 

7.52 

0.08 

1.25 

3.48 

101.62 

103.00 

0.00 

9.24 

11.23 

MAY16 

DG62 

CL16-9489 

7.14 

7.49 

0.04 

1.25 

3.46 

101.56 

100.33 

1.53 

9.03 

11.09 

JUN16 

DG62 

CL16-9641 

6.82 

7.31 

0.06 

1.23 

3.41 

102.29 

101.50 

2.29 

9.12 

11.19 
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Table  14,  Comparison  of  ASTM  and  Portable  Analyzer  Results  for  Viscosity  and  TBN  for  JBER  Assets 


Sample 

TBN  (mgKOH/g) 

Viscosity  40C  (Cst) 

Period 

1  IL/ 

Sdllipllf  ID 

D4739 

Average 

StdDev 

r 

R 

D445 

Average 

StdDev 

r 

R 

JUL15 

LU83 

CL15-8325 

8.00 

8.52 

0.83 

1.35 

3.65 

105.66 

110.00 

2.94 

9.80 

11.78 

AUG  15 

LU83 

CL15-8467 

7.96 

8.41 

0.04 

1.34 

3.64 

104.22 

102.00 

1.00 

9.16 

11.31 

SEP15 

LU83 

CL15-8570 

8.26 

8.60 

0.01 

1.36 

3.69 

104.62 

106.00 

1.00 

9.48 

11.53 

OCT15 

LU83 

CL15-8665 

8.08 

8.68 

0.05 

1.37 

3.68 

104.27 

102.67 

0.58 

9.21 

11.35 

NOV15 

LU83 

CL15-8823 

8.37 

8.67 

0.01 

1.37 

3.70 

104.66 

86.40 

0.30 

7.91 

10.55 

DEC15 

LU83 

CL15-8906 

8.99 

9.83 

0.24 

1.48 

3.88 

111.54 

110.33 

1.15 

9.83 

12.09 

JAN  16 

LU83 

CL16-9027 

9.22 

10.00 

0.04 

1.50 

3.92 

107.86 

107.33 

2.08 

9.59 

11.76 

FEB16 

LU83 

CL16-9176 

9.44 

9.76 

0.05 

1.48 

3.92 

106.47 

106.33 

2.08 

9.51 

11.64 

MAR16 

LU83 

CL16-9287 

8.84 

9.69 

0.12 

1.47 

3.85 

102.81 

103.00 

1.00 

9.24 

11.29 

APR16 

LU83 

CL16-9396 

8.71 

9.40 

0.17 

1.44 

3.81 

103.37 

105.00 

1.73 

9.40 

11.42 

MAY16 

LU83 

CL16-9490 

8.92 

9.44 

0.06 

1.44 

3.84 

103.37 

101.33 

1.53 

9.11 

11.23 

JUN16 

LU83 

CL16-9642 

8.56 

9.31 

0.04 

1.43 

3.79 

102.18 

100.73 

1.97 

9.06 

11.15 

JUL15 

MLPl 

CL15-8326 

8.20 

9.72 

0.06 

1.47 

3.79 

101.22 

103.67 

2.31 

9.29 

11.24 

AUG  15 

MLPl 

CL15-8468 

8.08 

9.56 

0.02 

1.46 

3.76 

99.81 

99.53 

3.20 

8.96 

10.97 

SEP15 

MLPl 

CL15-8571 

8.10 

9.56 

0.12 

1.46 

3.77 

99.74 

100.90 

2.35 

9.07 

11.03 

OCT15 

MLPl 

CL15-8666 

7.84 

9.55 

0.00 

1.46 

3.74 

101.03 

99.33 

1.88 

8.95 

11.02 

NOV15 

MLPl 

CL15-8824 

8.30 

9.42 

0.25 

1.44 

3.77 

101.80 

98.90 

0.62 

8.91 

11.04 

DEC15 

MLPl 

CL15-8907 

8.03 

9.55 

0.18 

1.46 

3.76 

101.06 

100.33 

1.47 

9.03 

11.07 

JAN  16 

MLPl 

CL16-9028 

8.03 

9.40 

0.23 

1.44 

3.74 

101.24 

100.40 

1.44 

9.03 

11.08 

FEB16 

MLP4 

CL16-9177 

8.16 

8.89 

0.34 

1.39 

3.70 

108.09 

110.00 

1.73 

9.80 

11.90 

MAR16 

MLP4 

CL16-9288 

8.25 

8.60 

0.03 

1.36 

3.69 

104.03 

102.33 

1.15 

9.19 

11.32 

APR16 

MLP4 

CL16-9397 

8.50 

8.51 

0.07 

1.35 

3.70 

101.82 

101.63 

1.58 

9.13 

11.17 

MAY16 

MLP4 

CL16-9491 

8.31 

8.56 

0.04 

1.36 

3.69 

100.12 

100.27 

1.27 

9.02 

11.02 

JUN16 

MLP4 

CL16-9643 

8.10 

8.31 

0.07 

1.33 

3.64 

101.08 

100.87 

2.20 

9.07 

11.10 

JULIB 

MG08 

CL15-8328 

7.65 

8.46 

0.05 

1.35 

3.61 

90.13 

92.73 

0.81 

8.42 

10.14 

AUG  15 

MG08 

CL15-8469 

7.20 

8.25 

0.02 

1.33 

3.55 

88.43 

90.57 

1.10 

8.25 

9.95 

SEP15 

MG08 

CL15-8572 

7.33 

8.32 

0.08 

1.33 

3.57 

90.22 

92.03 

1.04 

8.36 

10.11 

OCT15 

MG08 

CL15-8667 

7.33 

8.38 

0.03 

1.34 

3.57 

91.05 

90.40 

1.47 

8.23 

10.07 

NOV15 

MG08 

CL15-8825 

7.39 

8.44 

0.04 

1.34 

3.58 

91.77 

96.17 

1.05 

8.69 

10.40 

DEC15 

MG08 

CL15-8908 

7.45 

8.27 

0.04 

1.33 

3.57 

88.02 

86.23 

5.25 

7.90 

9.71 

JAN16 

MG08 

CL16-9029 

7.36 

8.19 

0.03 

1.32 

3.55 

85.55 

84.20 

0.95 

7.74 

9.49 

FEB16 

MG08 

CL16-9178 

7.04 

8.13 

0.08 

1.31 

3.52 

88.27 

87.50 

0.26 

8.00 

9.79 

MAR16 

MG08 

CL16-9289 

7.25 

7.99 

0.07 

1.30 

3.52 

87.13 

86.07 

1.23 

7.89 

9.66 

APR16 

MG08 

CL16-9398 

7.19 

7.91 

0.03 

1.29 

3.51 

87.10 

88.17 

0.74 

8.05 

9.76 

MAY16 

MG08 

CL16-9492 

7.58 

7.50 

0.46 

1.25 

3.51 

87.96 

87.70 

0.61 

8.02 

9.78 

JUN16 

MG08 

CL16-9644 

7.29 

7.61 

0.12 

1.26 

3.49 

87.40 

88.47 

1.79 

8.08 

9.79 

JUL15 

NEW 

CL15-8324 

8.29 

8.40 

0.08 

1.34 

3.67 

118.52 

120.33 

2.89 

10.63 

12.94 

AUG  15 

NEW 

CL15-8463 

7.99 

8.88 

0.08 

1.39 

3.69 

110.41 

109.00 

2.00 

9.72 

11.97 

FEB16 

15W40 

CL16-9172 

8.74 

8.70 

0.11 

1.37 

3.74 

108.40 

107.33 

1.53 

9.59 

11.79 
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JBER  MG08,  A/M32A-86D,  Total  Base  Number  Comparison 
14.00  I - 


12.00 


10.00 


2.00 

0.00 

JUL15  AUG15  SEP15  OCT15  NOV15  DEC15  JAN16  FEB16  MAR16  APR16  MAY16  JUN16 
^^■D4739TBN  ^^HQIOOOTBN  --- r(lower)  ---r(upper)  —  —  R(lower)  —  —  R(upper) 

Figure  24.  Comparison  of  ASTM  and  Portable  Total  Base  Number  for  JBER  MG08  Asset 


Figure  25  shows  the  results  for  the  viseosity  at  40  °C  for  asset  MG08  from  the  portable  instrument 
and  the  laboratory,  with  the  portable  instrument  results  falling  within  the  repeatability  and 
reproducibility  tolerance.  The  elevated  instrument  viscosity  value  for  NOV  1 5  was  likely  due  when 
instrument  issues  were  first  being  noticed. 


Figure  26  shows  the  comparison  results  for  the  TBN  of  the  asset  DG62  from  the  portable 
instrument  and  the  laboratory,  with  the  portable  instrument  results  falling  within  the  repeatability 
and  reproducibility  tolerance. 


Figure  27  shows  the  results  for  the  viscosity  at  40  °C  for  asset  DG62  from  the  portable  instrument 
and  the  laboratory,  with  the  portable  instrument  results  falling  within  the  repeatability  and 
reproducibility  tolerance.  The  reduced  instrument  viscosity  value  for  NOV  1 5  was  likely  due  when 
instrument  issues  were  first  being  noticed. 
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JBER  MG08,  A/M32A-86D,  Viscosity  @)  40°C  Comparison 
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25.  Comparison  of  ASTM  and  Portable  Viscosity  @  40  “C  for  JBER  MG08  Asset 


JBER  DG62,  B809D,  Total  Base  Number  Comparison 
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Figure  26.  Comparison  of  ASTM  and  Portable  Total  Base  Number  for  JBER  DG62  Asset 
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JBER  DG62,  B809D,  Viscosity  @  40°C  Comparison 


D445 VIS@40C  ^^■Q3050VIS  --- r(lower)  ---r(upper)  —  —  R(lower)  —  —  R(upper) 


Figure  27.  Comparison  of  ASTM  and  Portable  Viscosity  @  40  “C  for  JBER  DG62  Asset 


Figure  28  shows  the  eomparison  results  for  the  TBN  of  the  least  used  asset  MT09  from  the  portable 
instrument  and  the  laboratory,  with  the  portable  instrument  results  falling  within  the  repeatability 
and  reprodueibility  toleranees. 


Figure  29  shows  the  results  for  the  viscosity  at  40  °C  for  low  utilization  asset  MT09  from  the 
portable  instrument  and  the  laboratory,  with  the  portable  instrument  results  falling  within  the 
repeatability  and  reproducibility  tolerances.  The  instrument  viscosity  variation  values  for  NOVI 5 
and  DEC  15  were  likely  due  when  the  instrument  issues  were  first  being  noticed.  Likely  because 
of  low  asset  utilization  the  viscosity  values  are  in  very  good  agreement  between  the  laboratory  and 
portable  instrument. 
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JBER  MT09,  AF/M27M-1,  Total  Base  Number  Comparison 
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Figure  28.  Comparison  of  ASTM  and  Portable  Total  Base  Number  for  JBER  MT09  Asset 
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Figure  29.  Comparison  of  ASTM  and  Portable  Viscosity  @  40  °C  for  JBER  MT09  Asset 
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Table  15  and  Table  16  eompare  the  ASTM  method  data  with  the  portable  analyzer  data  for  the 
viseosity  at  40  °C  and  the  Total  Base  Number  (TBN)  for  the  MaeDill  AFB  assets.  Ineluded  in  the 
tables  are  the  averages  and  standard  deviations  of  the  three  readings  from  the  portable  analyzers. 
An  estimate  of  repeatability,  r,  and  reprodueibility,  R,  as  defined  previously,  are  also  ineluded  in 
the  tables.  The  portable  unit  slightly  over-prediets  TBN  by  0.5  numbers  for  most  of  the  equipment. 
For  AC  13  the  handheld  analyzer  under-prediets  the  TBN  by  0.5  numbers.  The  TBN  predietion 
would  be  an  issue  if  the  oil  was  deteriorating  quiekly  due  to  high  usage,  but  the  equipment  usage 
and  oil  deterioration  is  fairly  low  for  these  assets  over  the  eourse  of  a  year.  Viseosity  results  appear 
to  trend  well  between  the  portable  analyzers  and  the  laboratory  tests. 

The  laboratory  and  portable  analyzer  data  are  plotted  for  three  MaeDill  assets,  two  high  use  (DG25, 
AC13)  and  the  least  used  (WLOl).  The  plots  are  for  viseosity  and  TBN,  and  inelude  the 
repeatability  and  reprodueibility  extents.  Figure  30  shows  the  results  for  the  TBN  for  DG25  from 
the  portable  instrument  and  the  laboratory,  with  the  portable  instrument  results  falling  within  the 
repeatability  and  reprodueibility  toleranees. 

Figure  3 1  shows  the  results  for  the  viseosity  at  40  °C  for  asset  DG25  from  the  portable  instrument 
and  the  laboratory,  with  the  portable  instrument  results  mostly  falling  within  the  repeatability  and 
reprodueibility  toleranee  exeept  for  the  NOV  15  reading.  The  elevated  instrument  viseosity  value 
for  NOVI 5,  when  instrument  issues  were  first  being  notieed,  pushes  the  result  past  the 
reprodueibility  upper  limit  that  suggests  the  portable  instrument  measurements  were  in  error. 
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Table  15.  Comparison  of  ASTM  and  Portable  Analyzer  Results  for  Viscosity  and  TBN  for  MacDill 

AFB  Assets 


Sample 

Period 

ASSET  ID 

Sample  ID 

TBN  (mgKOH/g) 

Viscosity  40C  (Cst) 

D4739 

Average 

StdDev 

r 

R 

D445 

Average 

StdDev 

r 

R 

JUL15 

HT06 

CL15-8366 

7.90 

8.10 

0.05 

1.31 

3.60 

94.56 

97.27 

3.20 

8.78 

10.59 

AUG  15 

HT06 

CL15-8477 

7.89 

8.13 

0.02 

1.31 

3.60 

94.00 

94.70 

1.97 

8.58 

10.44 

SEP15 

HT06 

CL15-8592 

7.70 

8.10 

0.14 

1.31 

3.58 

92.83 

93.73 

3.43 

8.50 

10.33 

OCT15 

HT06 

CL15-8692 

8.25 

8.50 

0.01 

1.35 

3.68 

108.05 

107.00 

0.00 

9.56 

11.75 

NOV15 

HT06 

CL15-8803 

8.25 

8.42 

0.22 

1.34 

3.67 

100.10 

95.77 

0.72 

8.66 

10.79 

DEC15 

HT06 

CL15-8897 

7.85 

8.42 

0.10 

1.34 

3.63 

98.03 

95.90 

0.70 

8.67 

10.70 

JAN  16 

HT06 

CL16-9049 

7.86 

8.20 

0.02 

1.32 

3.61 

95.80 

96.50 

0.46 

8.72 

10.62 

FEB16 

HT06 

CL16-9192 

8.03 

8.16 

0.04 

1.32 

3.62 

93.96 

95.33 

0.49 

8.63 

10.46 

MAR16 

HT06 

CL16-9316 

8.47 

8.12 

0.04 

1.31 

3.66 

93.20 

95.40 

0.50 

8.63 

10.43 

APR16 

HT06 

CL16-9405 

7.78 

7.96 

0.03 

1.30 

3.57 

93.07 

93.30 

1.93 

8.46 

10.32 

MAY16 

HT06 

CL16-9481 

7.97 

8.07 

0.02 

1.31 

3.60 

92.58 

93.20 

2.17 

8.46 

10.29 

JUN16 

HT06 

CL16-9633 

8.24 

8.05 

0.06 

1.30 

3.63 

91.16 

89.33 

0.25 

8.15 

10.02 

JUL15 

AC13 

CL15-8367 

6.44 

6.21 

0.09 

1.12 

3.26 

100.75 

102.00 

2.65 

9.16 

11.14 

AUG  15 

AC13 

CL15-8478 

6.43 

5.68 

0.01 

1.07 

3.21 

100.89 

101.33 

1.15 

9.11 

11.11 

SEP15 

AC13 

CL15-8593 

6.44 

5.89 

0.03 

1.09 

3.23 

102.11 

102.33 

0.58 

9.19 

11.22 

OCT15 

AC13 

CL15-8693 

6.55 

5.89 

0.03 

1.09 

3.24 

102.83 

101.00 

1.00 

9.08 

11.19 

NOV15 

AC13 

CL15-8804 

6.67 

5.97 

0.10 

1.10 

3.26 

101.71 

104.67 

1.53 

9.37 

11.32 

DEC15 

AC13 

CL15-8898 

6.24 

6.00 

0.11 

1.10 

3.22 

100.87 

101.50 

1.80 

9.12 

11.12 

JAN16 

AC13 

CL16-9050 

6.38 

5.83 

0.11 

1.08 

3.22 

101.73 

101.60 

2.62 

9.13 

11.17 

FEB16 

AC13 

CL16-9193 

6.41 

5.59 

0.05 

1.06 

3.20 

102.37 

102.33 

0.58 

9.19 

11.24 

MAR16 

AC13 

CL16-9317 

5.99 

5.41 

0.16 

1.04 

3.14 

100.12 

100.23 

0.67 

9.02 

11.02 

APR16 

AC13 

CL16-9406 

6.06 

5.51 

0.06 

1.05 

3.16 

102.19 

102.67 

1.15 

9.21 

11.24 

MAY16 

AC13 

CL16-9482 

5.98 

5.61 

0.07 

1.06 

3.16 

102.19 

103.33 

1.53 

9.27 

11.28 

JUN16 

AC13 

CL16-9634 

6.37 

5.24 

0.04 

1.02 

3.16 

103.51 

102.67 

1.15 

9.21 

11.31 

JUL15 

WLOl 

CL15-8368 

7.99 

8.62 

0.01 

1.36 

3.66 

93.32 

96.17 

1.69 

8.69 

10.47 

AUG  15 

WLOl 

CL15-8479 

8.02 

8.70 

0.02 

1.37 

3.67 

92.72 

93.77 

3.12 

8.50 

10.32 

SEP15 

WLOl 

CL15-8594 

7.89 

8.49 

0.63 

1.35 

3.64 

91.84 

90.70 

1.85 

8.26 

10.13 

OCT15 

WLOl 

CL15-8694 

8.09 

8.54 

0.27 

1.35 

3.66 

92.25 

90.57 

0.21 

8.25 

10.14 

NOV15 

WLOl 

CL15-8805 

8.01 

8.76 

0.19 

1.38 

3.68 

93.01 

106.33 

1.15 

9.51 

10.97 

DEC15 

WLOl 

CL15-8899 

7.83 

8.81 

0.02 

1.38 

3.66 

93.65 

91.43 

0.49 

8.31 

10.25 

JAN  16 

WLOl 

CL16-9051 

8.00 

8.59 

0.07 

1.36 

3.66 

92.88 

92.53 

1.66 

8.40 

10.27 

FEB16 

WLOl 

CL16-9194 

8.03 

8.34 

0.22 

1.33 

3.64 

92.80 

92.20 

1.65 

8.38 

10.25 

MAR16 

WLOl 

CL16-9318 

8.08 

8.46 

0.13 

1.35 

3.65 

93.06 

93.47 

0.31 

8.48 

10.33 

APR16 

WLOl 

CL16-9407 

8.10 

8.50 

0.05 

1.35 

3.66 

94.19 

95.30 

1.32 

8.62 

10.47 

MAY16 

WLOl 

CL16-9483 

7.89 

8.46 

0.11 

1.35 

3.63 

92.78 

91.20 

0.61 

8.30 

10.20 

JUN16 

WLOl 

CL16-9635 

8.03 

8.41 

0.03 

1.34 

3.64 

90.83 

90.37 

1.83 

8.23 

10.06 
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Table  16.  Comparison  of  ASTM  and  Portable  Analyzer  Results  for  Viscosity  and  TBN  for  MacDili 

Assets 


Sample 

ASSET  ID 

Sample  ID 

TBN  (mgKOH/g) 

Viscosity  40C 

(Cst) 

Period 

D4739 

Average 

StdDev 

r 

R 

D445 

Average 

StdDev 

r 

R 

JUL15 

DG25 

CL15-8369 

7.70 

8.15 

0.51 

1.31 

3.58 

88.99 

92.33 

2.41 

8.39 

10.07 

AUG  15 

DG25 

CL15-8480 

7.04 

7.63 

0.02 

1.26 

3.47 

86.20 

88.33 

0.76 

8.07 

9.73 

SEP15 

DG25 

CL15-8595 

7.09 

7.49 

0.14 

1.25 

3.46 

85.70 

85.33 

2.75 

7.83 

9.55 

OCT15 

DG25 

CL15-8695 

7.17 

7.50 

0.12 

1.25 

3.47 

85.51 

86.03 

1.58 

7.88 

9.58 

NOV15 

DG25 

CL15-8806 

6.82 

7.47 

0.10 

1.25 

3.43 

84.88 

106.67 

1.15 

9.53 

10.58 

DEC15 

DG25 

CL15-8900 

6.65 

7.69 

0.28 

1.27 

3.43 

85.81 

85.47 

0.93 

7.84 

9.56 

JAN16 

DG25 

CL16-9052 

7.15 

7.26 

0.12 

1.23 

3.44 

86.22 

87.07 

0.93 

7.97 

9.66 

FEB16 

DG25 

CL16-9195 

6.96 

7.22 

0.02 

1.22 

3.42 

85.78 

86.97 

0.12 

7.96 

9.64 

MAR16 

DG25 

CL16-9319 

7.01 

7.16 

0.03 

1.22 

3.42 

86.31 

85.60 

0.78 

7.85 

9.60 

APR16 

DG25 

CL16-9408 

6.78 

6.79 

0.48 

1.18 

3.36 

86.00 

86.40 

0.26 

7.91 

9.62 

MAY16 

DG25 

CL16-9484 

6.85 

6.99 

0.07 

1.20 

3.38 

87.74 

86.90 

2.04 

7.95 

9.73 

JUN16 

DG25 

CL16-9636 

6.82 

6.82 

0.02 

1.18 

3.36 

91.00 

89.63 

1.07 

8.17 

10.03 

JULIB 

SG02 

CL15-8370 

7.35 

7.88 

0.05 

1.29 

3.52 

101.22 

102.67 

3.79 

9.21 

11.19 

AUG  15 

SG02 

CL15-8481 

7.29 

7.51 

0.18 

1.25 

3.48 

99.94 

100.63 

3.10 

9.05 

11.03 

SEP15 

SG02 

CL15-8596 

7.10 

7.82 

0.01 

1.28 

3.49 

100.20 

98.87 

0.81 

8.91 

10.95 

OCT15 

SG02 

CL15-8696 

7.50 

7.72 

0.20 

1.27 

3.52 

100.38 

98.60 

2.95 

8.89 

10.95 

NOV15 

SG02 

CL15-8807 

7.09 

7.64 

0.08 

1.26 

3.47 

99.77 

102.67 

1.53 

9.21 

11.12 

DEC15 

SG02 

CL15-8901 

6.78 

7.55 

0.14 

1.25 

3.43 

100.22 

98.57 

1.14 

8.89 

10.94 

JAN16 

SG02 

CL16-90B3 

6.97 

7.30 

0.01 

1.23 

3.43 

98.29 

99.03 

2.59 

8.92 

10.87 

FEB16 

SG02 

CL16-9196 

7.26 

7.37 

0.03 

1.24 

3.46 

99.13 

100.43 

1.40 

9.03 

10.98 

MAR16 

SG02 

CL16-9320 

7.07 

7.17 

0.17 

1.22 

3.42 

98.54 

99.97 

0.93 

9.00 

10.93 

APR16 

SG02 

CL16-9409 

7.10 

7.16 

0.03 

1.22 

3.43 

97.76 

98.83 

0.84 

8.91 

10.83 

MAY16 

SG02 

CL16-948B 

7.06 

7.07 

0.07 

1.21 

3.41 

99.04 

97.73 

2.03 

8.82 

10.84 

JUN16 

SG02 

CL16-9637 

6.69 

6.87 

0.07 

1.19 

3.36 

100.61 

100.30 

1.81 

9.02 

11.05 

JUL15 

FL04 

CL15-8371 

7.61 

8.30 

0.03 

1.33 

3.59 

95.53 

98.00 

3.89 

8.84 

10.68 

AUG  15 

FL04 

CL15-8482 

7.92 

8.29 

0.03 

1.33 

3.62 

94.46 

95.37 

1.90 

8.63 

10.49 

SEP15 

FL04 

CL15-8597 

7.78 

8.33 

0.05 

1.33 

3.61 

94.50 

94.83 

2.29 

8.59 

10.47 

OCT15 

FL04 

CL15-8697 

7.97 

8.23 

0.21 

1.32 

3.62 

95.17 

95.63 

1.66 

8.65 

10.54 

NOV15 

FL04 

CL15-8808 

7.84 

8.38 

0.20 

1.34 

3.62 

95.28 

93.37 

1.01 

8.47 

10.43 

DEC15 

FL04 

CL15-8902 

7.90 

7.96 

0.76 

1.30 

3.59 

94.88 

92.97 

0.25 

8.44 

10.39 

JAN16 

FL04 

CL16-9054 

7.86 

8.13 

0.09 

1.31 

3.60 

94.95 

94.57 

1.80 

8.57 

10.48 

FEB16 

FL04 

CL16-9197 

7.77 

8.10 

0.05 

1.31 

3.59 

94.43 

96.13 

0.74 

8.69 

10.53 

MAR16 

FL04 

CL16-9321 

7.92 

7.91 

0.07 

1.29 

3.58 

93.63 

95.23 

2.29 

8.62 

10.44 

APR16 

FL04 

CL16-9410 

7.39 

7.82 

0.08 

1.28 

3.52 

94.90 

94.37 

0.40 

8.55 

10.46 

MAY16 

FL04 

CL16-9486 

7.83 

7.80 

0.06 

1.28 

3.56 

96.40 

95.70 

1.28 

8.66 

10.60 

JUN16 

FL04 

CL16-9638 

7.53 

7.76 

0.12 

1.28 

3.53 

94.72 

96.03 

1.15 

8.68 

10.54 

JUL15 

NEW 

CL15-8365 

8.14 

8.37 

0.02 

1.34 

3.65 

111.78 

111.50 

2.38 

9.92 

12.16 
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MacDill  DG25,  A/M32A-86D,  Total  Base  Number  Comparison 
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^^■D4739TBN  ^^HQIOOOTBN  --- r(lower)  ---r(upper)  —  —  R(lower)  —  —  R(upper) 


Figure  30.  Comparison  of  ASTM  and  Portable  Total  Base  Number  for  MacDill  DG25  Asset 


MacDill  DG25,  A/M32A-86D,  Viscosity  @  40"C  Comparison 


D445 VIS(S)40C  ^^■QSOBOVIS  --- r(lower)  ---r(upper)  —  —  R(lower)  —  —  R(upper) 


Figure  31.  Comparison  of  ASTM  and  Portable  Viscosity  @  40  °C  for  MacDill  DG25  Asset 
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Figure  32  shows  the  comparison  results  for  the  TBN  of  the  asset  AC  13  from  the  portable 
instrument  and  the  laboratory,  with  the  portable  instrument  results  falling  within  the  repeatability 
and  reproducibility  tolerances.  The  under  prediction  of  TBN  by  the  portable  instrument  is  seen 
clearly  for  AC13. 

Figure  33  shows  the  results  for  the  viscosity  at  40  °C  for  asset  AC  13  from  both  the  portable 
instrument  and  the  laboratory  analysis,  with  the  portable  instrument  results  falling  within  the 
repeatability  and  reproducibility  tolerances. 


MacDill  AC13,  MA-3D,  Total  Base  Number  Comparison 
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Figure  32.  Comparison  of  ASTM  and  Portable  Total  Base  Number  for  MacDill  Asset  AC13 
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Figure  33.  Comparison  of  ASTM  and  Portable  Viscosity  @  40  °C  for  MacDill  AC13  Asset 

Figure  34  shows  the  eomparison  results  for  the  TBN  of  the  least  used  MaeDill  asset  WLOl  from 
both  the  portable  instrument  and  the  laboratory  analysis,  with  the  portable  instrument  results 
falling  within  the  repeatability  and  reprodueibility  toleranees.  The  portable  analyzer  over  prediets 
TBN  for  the  WLOl  asset. 

Figure  35  shows  the  results  for  the  viscosity  at  40  °C  for  low  utilization  MacDill  asset  WLOl  from 
the  portable  instrument  and  the  laboratory,  with  the  portable  instrument  results  falling  within  the 
repeatability  and  reproducibility  tolerances.  The  instrument  viscosity  variation  value  for  NOVI  5 
were  likely  due  when  the  instrument  issues  were  first  being  noticed.  Likely  because  of  low  asset 
utilization,  thus  minimal  oil  changes,  the  viscosity  values  are  in  very  good  agreement  between  the 
laboratory  and  portable  instrument  for  WLOL 
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Figure  34.  Comparison  of  ASTM  and  Portable  Total  Base  Number  for  MacDill  WLOl  Asset 
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Figure  35.  Comparison  of  ASTM  and  Portable  Viscosity  @  40  °C  for  MacDill  WLOl  Asset 
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4.7  Asset  Lubricant  Change  Intervals 

At  the  engine  hour  accumulation  rates  seen  during  this  study,  foregoing  the  6-month  oil  change 
interval  would  result  in  savings  from  reductions  in  labor,  fresh  oil  and  filters  costs,  and  used  oil 
and  used  filter  disposal  costs.  However  during  the  course  of  the  study  the  sampling  of  8-ounces  of 
lubricant  every  month  for  twelve  months  (2.8L  total),  which  was  eventually  replaced  with  fresh 
lubricant  to  maintain  proper  crankcase  levels,  may  have  altered  the  lubricant  degradation  rates  on 
some  of  the  smaller  sump  size  engines.  Rather  than  suggest  across  that  all  oil  changes  be  changed 
to  a  12-month  period,  utilization  logging  and  oil  sample  analysis  would  be  beneficial  for 
determining  specific  oil  change  intervals.  All  of  the  manufacturers  of  the  engines  included  in  the 
study  recommend  oil  change  intervals  at  200-hours  or  greater.  Only  two  out  of  twelve  engines  in 
the  year-long  study  exceeded  200-hours  of  operation. 

The  Detroit  Diesel  4-7  IN  engines  that  power  the  A/M32A-86D  generator  sets,  MG08  at  JBER  and 
DG25  at  MacDill,  were  the  heaviest  utilized  in  the  study  and  the  only  engines  that  approached  or 
exceeded  the  manufacturers  recommended  oil  change  intervals.  Yet  based  on  the  engine  lubricant 
condition  analysis  the  engines  are  still  being  adequately  protected  and  the  lubricant  has  not  started 
to  substantially  degrade.  Both  the  MG08  and  DG25  lubricants  have  greater  than  6  TBN  remaining, 
Fe  accumulation  below  150-ppm,  and  borderline  viscosity  at  100  °C  of  around  12.5  cSt,  all  Detroit 
Diesel  in-service  lubricant  limits. 

Directionally  the  QIOOO  and  Q3050  portable  analyzers  measure  relevant  lubricant  condition 
parameters  similar  to  the  laboratory  tests.  The  instruments  show  better  agreement  with  viscosity 
than  the  TBN  that  is  generally  over  predicted.  Although  for  AC  13  the  instrument  under  predicted 
the  TBN,  which  is  a  more  conservative  result  that  would  trend  as  faster  base  number  depletion. 
AC  13  was  the  only  asset  in  the  study  that  showed  increasing  soot  accumulation  and  increasing 
oxidation,  nitration,  and  sulfation  as  measured  by  the  QIOOO  IR  analyzer.  Soot  interference  with 
other  spectrophotometric  results  was  not  investigated.  Both  analyzer  and  laboratory  method  results 
suggest  AC  1 3  was  degrading  its  lubricant  faster  than  other  assets  in  the  study,  but  the  assets  overall 
lubricant  condition  was  still  good.  Based  on  the  results  of  this  study  the  portable  analyzers  have 
sufficient  data  integrity,  as  evidenced  by  comparisons  to  laboratory  tests,  to  be  useful  for 
determining  AGE  asset  lubricant  change  intervals. 
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4,8  Preliminary  Cost  Assessment 

At  this  time  any  cost  analysis  is  preliminary  because  not  all  information  is  available.  For  example, 
only  the  type  of  items  tested  at  the  sites  should  be  considered  for  elimination  of  the  mandatory  6- 
month  oil  change,  because  the  utilization  profiles  of  the  unstudied  types  is  not  known.  Some  assets 
types  were  included  in  the  study  both  at  JBER  and  MacDill,  and  displayed  similar  utilization  and 
lubricant  condition.  There  is  some  confidence  to  read  across  for  types  included  in  the  program.  For 
the  basic  types  of  engines  included  in  the  studies,  at  either  location,  the  approximate  lubricant 
sump  capacity  was  determined.  Personnel  at  JBER  and  MacDill  provided  a  list  of  diesel  engine 
assets  with  quantities  each  unit  was  responsible  for.  Table  17  shows  the  AGE  diesel  powered  units 
and  the  numbers  at  each  test  location.  Included  in  Table  17  is  an  estimate  of  the  potential  lubricant 
savings  by  eliminating  a  mandatory  6-month  oil  change,  which  was  estimated  to  be  a  combined 
3005E  of  lubricant  for  the  two  locations.  A  current  market  price  for  a  MIE-PRF-2104H  15W-40 
lubricant  is  $2. 70/E  in  bulk.  The  two  units  in  the  study  would  save  approximately  $8,113.50  in 
lubricant  costs  for  each  lubricant  change  interval  eliminated  for  the  types  of  assets  studied.  The 
disposal  costs  for  3005E  of  waste  engine  oil  would  also  be  saved.  There  would  also  be  savings 
from  289  less  oil  filters,  associated  used  oil  fdter  disposal  costs,  and  labor  savings. 

If  the  mandatory  6-month  change  was  read  across  all  types  of  assets  the  savings  would  be  greater, 
but  at  the  risk  of  engine  damage  due  to  utilization  scenarios  not  studied.  Thus  it  is  imperative  that 
some  type  of  lubricant  condition  monitoring  be  utilized  to  insure  proper  engine  durability  is 
maintained.  The  instruments  obtained  for  this  study  appeared  sufficiently  accurate  to  trend 
lubricant  degradation  with  respect  to  ASTM  laboratory  analysis,  at  least  within  the  asset  utilization 
limitations  of  the  study.  The  two  instruments  cost  $29,000,  with  another  $5000  for  spectra 
libraries,  sampling  supplies,  instrument  training,  and  software.  An  additional  cost  is  the  labor 
support  that  would  be  required  for  collecting  and  analyzing  the  lubricant  samples.  For  the  duration 
of  the  study  TFERF  analyzed  148  samples,  each  3  times  with  the  portable  analyzers  (444  total),  at 
about  20-minutes  a  sample  average.  The  portable  instrumentation  would  be  more  cost  effective  if 
it  could  be  shared  between  AGE  support  units. 
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Table  17.  Estimated  Potential  Lubricant  Savings  by  Eliminating  6-Month  Change  Interval 


MacDill,  AMC  6  MXS/MXMG,  Diesel  Engined  AGE 

Units 

Approx. 
Sump,  L 

Generator,  B809D 

1 

15 

Generator,  A/M32A-60A 

6 

Generator,  A/M32A-86D 

21 

21 

A/M32A-95  LASS 

8 

Air  Conditioners,  MA-3D 

6 

14 

Air  Conditioners,  C-10 

2 

FL-ID  Fioodlight 

33 

5.1 

Flyd  Test  Stand,  MJ-2A 

4 

24 

Jacking  Manifoid 

3 

7 

MC-20  Air  Compressor 

5 

5.1 

MC-7  Air  Compressor 

4 

Bombiift,  MHU-83C/E 

1 

Bombiift,  MJ-IB/C 

3 

6.5 

Next  Generation  Heater 

15 

SGNSC 

10 

8.4 

Universe i  MX  Stand 

2 

Generator,  A/M32A-103 

3 

Air  Conditioner,  AC-808 

2 

Totai  Type  Studied 

86 

Included  at  JBER 
Included  at  MacDill 


JBER,  PACAF  3  MXS  /  MXMGS,  Diesel  Engined  AGE 

Units 

Approx. 
Sump,  L 

AiRCOND,ACE-802-329S 

5 

AIR  CONDITiONER,  A/E32C-39 

16 

AIR  CONDITiONER,  A/M32C-24  (V2) 

3 

CART,  SERVICING,  LI QUI D  COOLANT  PAO 

18 

COMPRESSOR  UNIT,  ROTORY 

57 

COMPRESSOR,  RECIPROCATING 

4 

FLOODLIGHT  SET,  ELECTRIC,  FL-ID 

106 

5.1 

GENERATING  AND  CHARGING  PANT,  SGNSC 

23 

8.4 

GENERATING  AND  CHARGING  PANT,  OXYGEN 

17 

GENERATOR  SET,  DIESEL  ENGINE,  72KW 

51 

15 

GENERATOR  SET,  DIESEL  ENGINE,  MEP-802A 

2 

GENERATOR  SET,  DIESEL  ENGINE,  MEP-813A 

8 

GENERATOR  SET,  DIESEL  ENGINE,  MEP831  3KW 

6 

GENERATOR  SET,  DIESEL  ENGINE,  TRAILER  MOUNTED  TRILECTRON 

4 

HEATER,  DUCT  TYPE,  PORTABLE,  NGH 

139 

MAINTENANCE  PATFORM,  AIRCRAFT,  UMS 

9 

SERVICING  PATFORM,  SELF-PROPELLED,GENIE 

3 

TEST  STAND  HYDRAULIC  SYSTEM  COMP.  MULES 

23 

24 

TESTER,  PRESSURIZED  CABIN  LEAKAGE,  AF/M24T-1 

5 

TRUCK,  LIFT,  AERIAL  STORES,  MHU-83C  D/E 

7 

TRUCK,  LIFT,  AERIAL  STORES,  MJ-IC 

34 

Total  Type  Studied 

203 
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Based  on  the  lubricant  conditions  measured  there  does  not  seem  to  any  detrimental  impact  on  any 
asset  by  foregoing  the  mandatory  6-month  oil  change  interval.  Viscosity  and  TBN  were  adequate 
and  elemental  wear  indicators  were  within  commonly  accepted  limits. 

Potential  damage  to  high  utilization  equipment  due  to  the  extended  oil  drain  interval  past  6-months 
could  not  be  estimated.  Lubricant  wear  metal  analyses  and  lubricant  conditions  suggested  all 
assets  appeared  to  be  were  wearing  normally  at  the  usage  rates  during  the  project.  The  detrimental 
cost  of  extending  the  lubricant  change  intervals  on  equipment  life  cannot  be  estimated  at  this  time. 

5.0  CONCLUSIONS 

Within  the  limitations  of  the  study,  the  following  conclusions  can  be  made  from  the  cumulative 
knowledge  of  analyzing  crankcase  lubricants  of  diesel  engine  powered  AGE  assets  at  two  U.S.  Air 
Force  locations: 

•  Each  asset  monitored  was  not  impacted  by  eliminating  the  6-month  oil  change  interval 
based  on  the  measured  lubricant  condition. 

•  Eightly  utilized  assets  may  possibly  extend  drain  intervals  past  12-months  with  lubricant 
condition  monitoring. 

•  Over  the  course  of  the  study  portable  analyzers  appeared  sufficiently  accurate  for 
monitoring  lubricant  viscosity  and  TBN  for  degradation  when  compared  to  ASTM 
laboratory  test  results. 

•  Potential  cost  savings  exist,  stemming  from  condition  based  monitoring  of  lubricant  versus 
hard  time  mandatory  oil  changes. 

6.0  RECOMMENDATIONS 

The  technical  feasibility  of  using  portable  lubricant  analyzers  to  monitor  AGE  asset  crankcase 
lubricant  conditions  for  a  twelve  month  period  has  been  investigated.  Based  on  the  data 
accumulated  the  following  recommendations  can  be  made: 


L  CLASSIFIED 

63 


UNCLASSIFIED 


•  Track  engine  hours  routinely  so  that  lightly  utilized  AGE  assets  ean  have  their  oil  change 
intervals  extended  past  6-months.  Any  asset  utilized  less  than  100-hours  in  6-months  ean 
likely  be  extended  to  a  twelve  month  interval. 

•  Initiate  condition  based  monitoring  of  erankease  lubrieants  for  seleeted  highly  used  assets 
to  insure  adequate  engine  protection  from  the  lubrieant  past  the  6-month  interval. 

•  Request  units  to  keep  the  current  lubrieant  eharges  in  the  study  asset  engine  so  that  the 
duration  of  the  study  ean  be  extended. 

•  The  highly  utilized  A/M32A-86D  assets  MG08  and  DG25  should  have  their  lubrieants 
ehanged  after  twelve  months.  The  lubrieants  are  still  proteeting  the  engine  as  evideneed  by 
wear  metals,  but  the  viscosity  and  TBN  are  approaching  borderline  change  levels 
reeommended  by  Detroit  Diesel. 

7.0  REFERENCES 
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